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PART I. 


SINCE the beginning of these experiments in the early summer 
of 1898, many contributions have been made toward the better 
understanding of the various problems of plant nutrition. Among 
these, the nitrogen question has been receiving the attention of 
many investigators, and it has been examined from the different 
standpoints of the soil chemist, the soil physicist, and the soil 
bacteriologist. Much time and ingenuity have been devoted to 
the clearing-up of that phase of the nitrogen question known as 
“denitrification”—the destruction of the nitrates and the setting 
free of gaseous nitrogen. That deoxidation of combined nitrogen 
is liable to take place, and actually does take place in anaerobic 
fermentation, has been known for years, but the question assumed 
more than a mere scientific interest, since the emphatic declaration 
of Wagner’ that applications of cow or horse manure to the soil 
are often not only unprofitable, but harmful; that, when applied 
together with the nitrates, they cause, by virtue of the micro- 
organisms contained in them, the destruction of the nitrates. 
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More than that, the baneful effects do not stop here, for the 
nitrates as they are gradually formed from the organic matter of 
the soil are also attacked by the denitrifying bacteria, and their 
nitrogen is set free. In a word, then, the animal manure applied 
is not only useless of itself, but is harmful because of its destruc- 
tive effects on the oxidized nitrogen derived from other sources. 
It is quite apparent that the interests involved are of great 
moment, that Wagner’s theory if it be borne out by practical ex- 
perience vitally concerns the man of science, the practical farmer, 
and the world at large. It was in the hope of contributing some- 
thing to the knowledge of the subject that these experiments were 
planned. ‘The scope of the work included the study of: 
I. The composition of the solid and liquid portions of cow 
manure, fresh. 
II. The composition of the solid and of the solid and liquid 
portions of cow manure, leached. 
III. The availability of the nitrogen in the solid and in the solid 
and liquid portions of cow manure, fresh. 
IV. The availability of the nitrogen in the solid and in the solid 
and liquid portions of cow manure, leached. 
V. The relative availability of the nitrogen in the form of ni- 
trate, of ammonia and of organic matter in dried blood. 
VI. The effect of the use of the solid and of the solid and liquid 
portions of cow manure, fresh and leached, with nitrogen 
in the form of nitrate, of ammonia, and of organic 
matter. 


DESCRIPTION OF THE EXPERIMENTAL PLANT. 


In order that the conditions of the experiment might conform 
as nearly as possible to those in actual practice, what is known as 
the ‘cylinder method” was adopted. 

The cylinders were made of galvanized iron, 23.5 inches in 
diameter and 4 feet long, and were painted inside and out, to 
retard corrosion. The area of soil surface thus exposed was, 
therefore, 3 square feet, and its depth was such that the roots 
of the crop would be practically prevented from obtaining food 
other than that contained within the cylinders. In order that the 
conditions for each cylinder might be uniform, the surface soil was 
first removed entirely, and the subsoil, a mixture of clay and sand, 
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which was taken from the holes, was thoroughly mixed. The same 
weight of subsoil was then placed in each one, and thoroughly 
packed and brought to a uniform height, so as to permit of the 
addition of 8 inches of surface soil; 120 cylinders were used, di- 
vided into two groups of 60 each. Thus in each group there were 
20 series of three each, A, B and C, enabling a triplication of 


crops in each case. ) 
DIAGRAM OF EXPERIMENT. 

Series. A. B. ¢ 
BCR n sss secon davnccacaeaqeundegiinseeeamitineds QO O O 
Be Milnes 409 cn c2trieccagentitvndenmnighdci snes Ee O O 
3s Mame, coll, fedaless cscs oiins ianevedgdeedeccicens O O O 
4. Manure, solid and liquid, fresh...-.....+ esse. sees O O O 
§. Manure, cold, leached: +000 600069 sevewdse cscs sueee O O O 
6. Manure, solid and liquid, leached .............+5: O O O 
+ Wadia 6 bbtblie dics sie S64 oid eens than cone ons O O O 
B. Weldain, 0e MUIR aon cess ec nsaree eines seen cnnens O O O 
g. Manure, solid, fresh ; nitrate, 5 grams ............ O O O 

10. Manure, solid, fresh ; nitrate, 10 grams.........-. O O O 

11. Manure, solid and liquid, fresh ; nitrate, 5 grams.. O O O 

12. Manure, solid and liquid, fresh ; nitrate, 10 grams.. O O O 

13. Manure, solid, leached ; nitrate, 5 grams.........-. O O O 

14. Manure, solid, leached; nitrate, 10 grams........ hs O O OQ 

15. Manure, solid and liquid, leached; nitrate, 5 grams. O O O 

16. Manure, solid and liquid, leached ; nitrate, tc grams O O O 

17.. Ammonium sulphate .... + ..s000 veces cccccsceeces O O O 

SE Daled Miho 000.9 acre genes coscnascunentessenes O O O 

19. Manure, solid, leached ; ammonium sulphate ...... O O O 

20. Manure, solid, leached ; dried blood .......--- +++ O O O 


SURFACE SOIL. 


The surface soil for each group was selected to conform to two 
general standards—first, a medium clay, suitable for the cereals 
and grass crops, and second, a prepared sandy loam, suitable for 
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the various market-garden crops. The medium clay loam was 
obtained in the neighborhood of the Station from a field in which 
no crops had been grown for twenty years or more, and upon 
which no manure had been applied within the knowledge of those 
familiar with the land for a longer time. It was practically 
barren. ‘The soil, however, was sifted, thus removing all stones 
and large lumps, as well as practically all vegetable matter. It 
was thoroughly mixed and a definite and equal weight placed to 
the depth of 8 inches upon the subsoil in each cylinder constituting 
Group I. The sandy loam was prepared by adding to the medium 
clay. soil, already described, one-half its weight of sand, also ob- 
tained in the neighborhood, free from organic matter and prac- 
tically free from any available mineral substances. 

The soils for both cylinders were mixed with sufficient lime to 
supply any needed requirement, as well as to neutralize acidity, 
and, with the exception of Series 1, all of the cylinders received a 
uniform application of the minerals in the form of acid phosphate 
and muriate of potash, equivalent to 50 pounds of phosphoric acid 
and 75 pounds of actual potash per acre, which was believed to be 
sufficient to meet needed requirements. For the manures, the 
applications were greater than is usually the case in practice, but 
not so great as to be impracticable. The largest application would 
be equivalent to about 20 tons to the acre, an amount often ex- 
ceeded in practice. 

In the case of the nitrogen in artificial forms, the nitrates only 
were applied in two different quantities, in the one case 5 grams 
per cylinder, equivalent to 160 pounds per acre, which may be re- 
garded as medium, and in the second, to grams per cylinder, 

equivalent to 320 pounds’per acre, or a large application. This 

was done in order that the effect of denitrification, if any, might be 
more fully studied. In the case of the ammonia and blood, an 
amount of nitrogen equivalent to that in the larger quantities of 
nitrate was applied. Similar applications were made in the fol- 
lowing years. 

At the end of each growing season, determinations were made 
of the actual dry matter in the different crops, of the percentage of 
nitrogen contained in them, of the gain in nitrogen due to the 
materials added, and of the percentage of the applied nitrogen 
recovered. 
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The results obtained are definite and clearly point in one direc- 
tion, in so far as the question of denitrification is concerned, and 
are in accord with those of other investigators. The experimental 
data accumulated during the years 1898, 1899, and 1900 will be 
presented in the second part of this paper. 

As the work progressed and the accumulated material was 
studied, other questions presented themselves. ‘They concern the 
movement of the plant-food in the soil and in the plant, the re- 
lation of the mineral salts to the organic matter, the influence of 
rainfall, the rapidity of nitrification, etc. While still following the 
main lines of research, as indicated, the other points have been 
examined in so far as was practicable, and deductions drawn where 
the experimental data at hand warranted it. Obviously the many 
factors that determine the yield of crop are so closely related to 
one another, that a true understanding of the subject can only 
come with the careful study of the soil from more than one stand- 
point. As a recent bulletin aptly expresses it:? “Our first object 
is to determine the controlling factor of fertility, whether and 
when this factor is physical, depending upon the color, texture, or 
structure of the soil; climatological, depending upon temperature, 
sunshine, and rainfall; chemical, depending upon the absolute 
chemical composition, or upon a definite minimum solubility of 
the soil’s constituents”, or, we might add, bacteriological, depend- 
ing upon the activity of soil organisms. 

That the latter is not the least important is attested by the 
numerous researches on their relation to the nitrogen question, 
both in its constructive and destructive phases. According to 
Stoklasa,*® “the assimilation of the nitrogen of the air by bacteria 
forms one of the most important problems of modern biological re- 
sarch.” On the one hand, we have the symbiotic life of the 
B. radicicola with the plants of the leguminous family resulting 
in the fixation of atmospheric nitrogen ; on the other hand, we have 
organisms like Clostridium Pasteurianum, which, as Winogradsky 
has shown, can assimilate atmospheric nitrogen independently, or 
Caron’s Bacillus Ellenbachii, which Stoklasa claims can alsoassim- 
ilate atmospheric nitrogen. ‘These and others probably constantly 
work to preserve and increase our stock of combined nitrogen in 
the soil,—they are the constructive agents. At the same time there 
exist in the soil, and in decaying vegetable matter, numerous 
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micro-organisms that have the power under the proper conditions 
to break up certain nitrogen compounds, and in this process much 
or all of the nitrogen is returned to the atmosphere whence it 
originally came, in the gaseous state. These latter organisms are 
the destructive agents. It is their activity that concerns the sub- 
ject of our inquiry more directly, and a brief review of the more 
important work along these lines will help us to understand better 
the experimental data submitted in this paper. 

As far back as 1867, Froehde had observed* that the reduction 
of nitrates takes place, at times, when they are in contact with 
certain organic substances. There appeared to be a considerable 
number of the latter possessing such reducing properties. From 
that early observation to our present knowledge of the specific 
micro-organisms causing, under given conditions, the destruction 
of nitrates, the study of the subject, though gradual, was decidedly 
irregular. It was only within the last five or six years that a care- 
ful and systematic examination of the-question enabled us to gain 
a more definite conception of the processes of denitrification. For 
all that, there is much that is yet obscure, and much that calls for 
further study. The latter is particularly true of the denitrification 
processes as they appear in practical agriculture, since, as has been 
pointed out repeatedly, the conclusions obtained from laboratory 
experiments are not always applicable to actual practice, creating 
as they do abnormal conditions not encountered in the field. As 
with nitrification, the earlier investigators attempted to explain 
denitrification by purely chemical reactions, and to the French 
chemists largely belongs the credit for being the first to point out 
to us the probable bacterial character of the denitrification pro- 
cesses. However, some years before that, Schoenbein® had noticed 
that nitrates are reduced to nitrites by fungi, and that the presence 
of nitrites in drinking water might indicate that it contains micro- 
organisms. Dr. Angus Smith, in 1867, had also noticed® that a 
reduction of nitrates with the evaporation of free nitrogen takes 
place in the decomposition of sewage. 

The work done since then, and leading up to the more detailed 
recent studies, will be briefly reviewed here. Meusel’ observed 
the transformation of nitrates into nitrites in drinking-water, and 
attributed the formation of nitrites to bacteria. Chabrier states® 
that all soils contain nitrous acid, that in dry weather nitrates 
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accumulate at the surface, and that nitrites occur in larger quantity 
in the lower layers of the soil. In another place® he finds that 
there.is a small loss of nitrogen (liberated as gaseous nitrogen) 
in nitrification. This latter fact was also observed somewhat later 
by Boussingault*® and later by Pickard™* and subsequently by 
Godlewski.** Jeannel** found that when in contact with humus, 
dead leaves and straw, nitrates are reduced to nitrites; and 
Schloesing** showed that in a large bottle, whose atmosphere was 
kept free from oxygen, potassium nitrate was reduced to ammonia, 
and, also, some of the combined nitrogen was set free. Boname,*® 
a year later, also came to the conclusion that nitrates are reduced 
in an atmosphere free from oxygen. To Schloesing,”® also, belongs 
the credit of having established the fact that nitrogen is set free in 
the putrefactive decomposition of urine and in the lactic fermenta- 
tion of sugar in the presence of potassium nitrate. 

Pesci*? noted that nitrates are reduced to nitrites when the 
action is allowed to go on under water, and E.: W. Davy’® 
observed that an excess of animal matter in solution retards nitri- 
fication. Hiifner,’® on the other hand, decided that no gaseous 
nitrogen is set free in the decay of organic substances. 

Deherain and Maquenne”® had also observed the reduction of 
nitrates. They attributed this action to anaerobic ferments, and 
showed that the gases set free contained besides carbon dioxide, 
also free nitrogen and nitrous oxide. About the same time Gayon 
and Dupetit®? studied the reduction of nitrates in the soil. They 
describe an anaerobic “ferment” capable of reducing nitrates 
rapidly. In this process, gaseous nitrogen is set free. They also 
found that the ferments need organic matter for their develop- 
ment, that part of the organic nitrogen is transformed into am- 
monia, and, perhaps, also into amido derivatives of the organic 
substance. Heraeus,” too, had observed the reduction of nitrates 
to nitrites and ammonia by bacteria, and Springer®* studied what 
he called a “ferment,” rod-shaped, rounded at the ends, and 
capable of reducing nitrates. 

In 1886, Gayon and Dupetit** isolated two organisms, B. deni- 
trificans I and B. denitrificans II, capable of reducing nitrates 
with the evolution of gaseous nitrogen. Besides these they en- 
countered a number of bacteria that could reduce nitrates to 
nitrites. According to the composition of the nutritive medium 
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the nitrogen of the nitrates may be set free as such, or mixed with 
nitrous oxide. The oxygen of the nitrates not combined with the 
nitrogen of the nitrous oxide, unites with the carbon of the organic 
matter, giving carbon dioxide, which dissolves for the most part 
forming bicarbonate of potassium (KNO, being used). The 
culture medium containing 10 grams of potassium nitrate begins 
to ferment on the addition of some soil. The authors think that 
the decomposition of nitrates by B. denitrificans is not a true 
fermentation, nor a secondary phenomenon, but a “combustion of 
the organic matter by the nitric oxygen with the liberation of much 
heat ; it is a type of fermentation that can take place only with the 
simultaneous concurrence of several chemical reactions.” Kellner 
and Yoskii*® found that although losses of nitrogen occur in the 
decay of nitrogenous organic matter, yet the losses are slight, even 
after the decay has progressed for a long time. Ehrenberg?* in a 
series of exhaustive experiments showed that “neither in the 
presence nor absence of free oxygen, neither in solution nor in 
slightly moistened decaying masses permeable to gases, is ele- 
mentary nitrogen set free through the agency of micro-organisms.” 
Tacke*’ reaches a similar conclusion, while Immendorf*® stated 
distinctly that according to his experiments the setting free of 
nitrogen from decaying organic matter is not a purely chemical 
process, but is effected with the aid of micro-organisms. It will 
be seen from this that while there were still adherents of the 
chemical theory in Germany, the belief was beginning to prevail 
that the destruction of nitrates is due to bacteria. Two years later 
Tacke®® admits that Berthelot was right when he claimed that 
there are nitrogen-fixing bacteria in the soil, and adds that there 
are also present in the soil organisms that set free nitrogen from its 
compounds. 

Holdefleiss®® was led to believe that even in yard manure con- 
stantly compacted by animals, and with the oxygen thus excluded, 
the nitrification processes take place to some extent. Hence, the 
greatest loss through the formation of free nitrogen takes place in 
the manure pile, and not in the stable. By compacting the manure, 
the nitrification processes can be limited, and we must depend on 
mechanical treatment to delay nitrification until the manure reaches. 
the soil. Of course, in preventing nitrification in the manure pile, 
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the losses of free nitrogen due to denitrification are largely pre- 
vented. 

Leme* found that the addition of large quantities of fresh 
manure, not only stops nitrification, but that there is at first a re- 
duction of nitrates to nitrites, and of the latter to ammonia. 
Breal** announced that many substances of organic origin, and 
especially straw, are the carriers of denitrifying organisms. Ob- 
viously the discovery is of far-reaching importance. Since these 
organisms are carried to the manure in the litter, and later are 
plowed in the soil with the manure, it becomes interesting to deter- 
mine to what extent denitrification takes place, either in the 
‘manure pile or in the soil. In order that denitrification might take 
place, it is essential that nitrates be present, and we must assume 
that where no nitrates are applied as such, nitrification must first 
take place that denitrification might follow. E. W. Davy,** 
Leme,** Pickard,** Lipman,** and others have shown that large 
‘quantities of organic matter either retard or entirely stop nitrifica- 
tion, and for that reason the losses of nitrogen from fresh manure 
due to the destruction of nitrates cannot be great. On the other 
hand, losses of nitrogen may take place in other ways, and there is 
much evidence that confirms this view. 

K6nig*’ in his prize essay stated that “the losses of nitrogen 
from manure due to the volatilization of ammonia appear to be 
slight,” and he is inclined to think that the greater losses are due 
to the liberation of elementary nitrogen. Immendorf,** on the 
other hand, comes to the conclusion that the chief cause of the loss 
of combined nitrogen in manure with the usual treatment may be 
attributed to the volatilization of ammonia, and finds that the 
formation of elementary nitrogen influences these losses only to a 
limited extent. Burri, Herfeldt and Stutzer®® carried out some 
experimental work to decide as to the causes that lead to losses of 
nitrogen in decaying organic substances, especially in dung and 
liquid. They are led to believe that where denitrification takes 
place it is preceded by nitrification. Hence they conclude that 
“in the decay of nitrogenous organic substances, there is no 
setting free of elementary nitrogen as long as the activity of the 
nitrifying organisms in the decaying substance is suppressed.” 
On the other hand, they believe that a considerable evolution of 
free nitrogen may take place when nitrates are added to dung or 
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liquid manure, or when opportunity is given to the nitrifying 
organisms for active development. The splitting off of free 
nitrogen may be caused by the reduction of nitrates, or by the 
action of nitrous acid or ammonia or amines. The authors point 
out later that denitrification is rather due to living organisms than 
to purely chemical reactions, as Ehrenberg*® assumes ; nitrification, 
they think, may run to completion without the evolution of free 
nitrogen ; such evolution is more likely to take place in the decay- 
ing mass when the supply of oxygen is limited. In such cases the 
oxygen of the nitrates is utilized and the nitrogen is set free. 
Since in the fresh manure scarcely any nitrification takes place, the 
denitrification cannot be considerable. In another communication 
the same authors suggest that the object of a rational method of 
conservation should not only consist in preventing the volatiliza- 
tion of ammonia, but also in controlling the course of fermentation, 
so as to favor the development of bacteria that transform organic 
nitrogen into ammonium carbonate. 

Following the example of Gayon and Dupetit, Burri and Stutzer 
were led to attempt the isolation of denitrifying organisms. The 
work appeared the more desirable in view of Breal’s*? discovery 
already alluded to, and of a communication from Wagner that 
nitrate of soda yielded inadequate returns when used together with 
horse manure. In communicating the results of their experiments** 
they call attention to the fact that there are but a limited number of 
organisms capable of oxidizing nitrates, while of those possessing 
the power of reduction (deoxidation) the number is great. Of 
these, however, the greater part can only reduce nitrates to nitrites 
and the bacteria capable of reducing nitrates to ammonia, or of 
setting nitrogen free, are not very numerous. Of the work not 
already referred to, they mention that of Deherainand Maquenne* 
who observed that in the gases set free in denitrification there is 
contained besides nitrogen, also carbon dioxide and hydrogen. 
Also the work of Giltay and Aberson** is mentioned. The latter 
describe a bacillus capable of destroying large quantities of nitrate 
with the evolution of free nitrogen. Burri and Stutzer finally 
succeeded in isolating two organisms capable of reducing nitrates 
completely, which they named B. denitrificans I and B. denitri- 
ficans II, Their conclusions*® may be summed up as follows: 
“When oxygen is completely excluded B. denitrificans I, together 
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with B. coli, does not cause the evolution of free nitrogen in cul- 
ture solutions containing nitrate, but most of the nitrate nitrogen 
is reduced to nitrite nitrogen. With a limited supply of oxygen, 
B. denitrificans I can develop to such an extent as to be able, to- 
gether with B. coli, to cause the fermentation of nitrate with the 
evolution of free nitrogen. When once started the fermentation 
takes its usual rapid course. B. denitrificans I uses in this case 
some of the oxygen derived from the nitrates, With a liberal 
supply of air B. denitrificans I, together with B. coli, causes the 
destruction of nitrites in the normal way. With the complete 
exclusion of air B. denitrificans II, to cause the fermentation of 
nitrates, is diminished or entirely suppressed. 

According to Marchal*’ the behavior of B. mycoides in nutritive 
solutions containing nitrates is rather striking. When inoculated 
into a solution containing glucose and about 2 grams of potassium 
nitrate per liter, nitrites and ammonia could be detected in a few 
-days, and in fifteen days ammonia alone. It appears thus that the 
same organisms may exert either an oxidizing or reducing action. 
Both processes are intimately connected with the respiration of the 
organism. In one case albuminoids are normally oxidized with 
the aid of atmospheric oxygen; in the other, the intramolecular 
respiration leads to a utilization of the nitrate oxygen to oxidize 
the sugar. 

Attempts to isolate denitrifying organisms were also made by 
Schirokikh.** He was successful in obtaining a pure culture of an 
organism capable of destroying nitrates. He describes it as a 
bacillus with rounded ends, having no vacuoles, and one and a half 
to twice as long as it is wide. It is motile, though not as markedly 
-as, for instance, B. pyocyaneus. 

A further study of the denitrifying organisms isolated by Burri 
and Stutzer*® is contributed by Stutzer and Maul®. The authors 
finally come to the conclusion that B. denitrificans I, together with 
B. coli, destroys nitrates in a flask that is merely stoppered, but 
when air is passed through the liquid in the flask, denitrification is 
not as active. Also Ampola and Gatino** isolated a denitrifying 
“organism which they named B. denitrificans agilis. They found 
that it is capable of destroying nitrates rapidly. In examining the 
gases evolved they found them to consist of nitrogen and carbon 
«dioxide, the latter being present to the extent of 15 per cent. In 
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searching for practical means to diminish denitrification in 
manure, the same authors®* decided that peat prevents denitrifica- 
tion by virtue of the acidity it imparts to the manure, but when the 
manure again becomes alkaline denitrification takes place. 

S. A. Sewerin®* isolated thirty-two different organisms from 
horse manure, and studied twenty-nine of these. In one case 
strong foaming was noticed, and it was found that there were at 
least two species capable of reducing nitrates completely. Further 
study showed that there were also nine species capable of reducing 
nitrates to nitrites, eighteen species being indifferent. By diluting 
the nitrate solution to 0.1 per cent., two more showed complete re- 
duction, and still further dilution to 0.05 per cent. showed four 
more organisms capable of complete reduction, in all eight species. 
It appears also that proportionately larger quantities of potassium 
nitrate than of sodium nitrate are reduced in a given time, and 0.6 
per cent. of sodium nitrate appears to be the limit of reduction. 
The duthor also finds that the stirring of the soil and greater 
aeration tend to diminish denitrification. 

His studies of B. denitrificans II led Hjalmar Jensen* to believe 
that it can be grown as an aerobe. He finds a certain relation be- 
tween the nitrate destroyed and the carbon compounds used. No 
denitrification takes place without a source of carbon being sup- 
plied.*> 

P. P. Deherain®® confirms Breal’s claim that there are denitrify- 
ing bacteria on straw, and Wagner’s that these organisms are 
found in animal excreta. He finds that they occur in cultivated 
soils ; that the nitrogen set free by them is accompanied by carbon 
dioxide, and often by nitrous oxide; that the nitrogen used by the 
organisms to build their tissues are comparatively small; they 
utilize only the oxygen of the nitrate and more readily exercise 
their reducing action in a closed space. When ordinary quantities 
of manure are applied nitrification rather than denitrification takes 
place. It is hardly necessary to treat the manure with sulphuric 
acid to destroy the denitrifying organisms. 

It has been noted above that of denitrifying, or nitrate-destroy- 
ing organisms, a large number are known at the present day, and 
there is no doubt that when a more thorough study is made of the 
subject many more will be added to the list. Thus Stoklasa’* 
enumerates the following bacteria as capable of causing the fer- 
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mentation of nitrates in the presence of organic acids, or of pen- 
toses and hexoses: B. humosus, B. fluorescens liquefaciens, 
B. pyocyaneus, B. denitrificans, B. coli communis, B. Stutzeri, and 
many others that have been studied less carefully. As it is to be 
expected, these organisms do not possess the power of denitrifica- 
tion in an equal degree. The author just referred to says that the 
analysis of the gas produced by B. Hartlebii showed 70 to 96 per 
cent. of nitrate nitrogen set free, the rest having been transformed 
into organic nitrogen. Furthermore, the destructive fermentation 
of nitrates depends to a great extent on the character of the 
organic acids in the nutritive medium, some being much better 
adapted than others to furnish the necessary energy for the break- 
ing-down of the nitrates. Stoklasa also claims that most of the 
denitrifying bacteria can cause no reduction of nitrates in media 
where chemically pure d-fructose and d-galactose are present. 
The nitrate, he believes, is first reduced to ammonia, and that is 
oxidized with the liberation of free nitrogen. However, not all of 
the ammonia is thus oxidized, for a part of its nitrogen is trans- 
formed into the organic form, a fact that was long ago noticed br 
Schloesing*®, 

An interesting study of several manure bacteria and of the 
products of their activity is contributed by T. Severin.5® Of the 
several organisms that he isolated from manure, some seem to 
differ materially from the others. Thus B. pyocyaneus, and what 
he calls B. No. 2, will not produce carbon dioxide and ammonia 
from solid manure alone, but will attack it when it is mixed with 
liquid manure. On the other hand, one organism which the 
author designates as No. 1 seems to be more active in the absence 
of urine. This fact is significant in that it introduces a new factor 
in the study of the relative value of solid and of solid and liquid 
manure in plant nutrition. 

Some of the accumulated facts bearing on the conditions most 
suitable for the growth and development of the denitrifying bac- 
teria we owe to Stutzer. Ina recent article® he claims that deni- 
trification in nutritive solutions is not favored by glucose, but is 
promoted by the presence of salts of organic acids, like potassium 
lactate or potassium citrate. 

Turning to the more practical side of the denitrification ques- 
tion, we find that much thought has been given to it. Some years 
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ago the experimental data at hand were so contradictory, and the 
points to be cleared up so numerous, that Pfeiffer was led to say: 
“There is scarcely another field of research in agricultural chem- 
istry in which we encounter contradictions as numerous, and as 
fully unexplained.” In order to clear up these contradictions and 
to throw more light on the doubtful results, the German Agri- 
cultural Association called for a united effort on the part of the 
German experiment stations, offering at the same time to place 
the necessary means at their disposal.*t The call was answered and 
the work undertaken by the experiment stations of Augsburg, 
Darmstadt, Jena and Rostock, and later on by the Bonn and Gott- 
ingen stations. The investigation was to answer two general 
questions : 

1. How are the great losses of nitrogen that take place in the 
decay of organic substances to be explained? ‘To what extent is 
the nitrogen liberated in the elementary state, and to what extent 
as ammonia, and how does the liberation of the first take place? 

2. What means do we possess of checking these losses, and how 
does the material thus employed act? 

The publication of the results was to be delayed until the exist- 
ing uncertainty was cleared up. Since such was far from being 
the case in 1896, it ‘was decided to publish the results already re- 
ceived at that time, for they contained much that is valuable, and 
in many respects conclusive. In accordance with this, there 
appeared in the Landwirtschaftlichen Versuchs-Stationen® the 
reports of B. E. Dietzel (Augsburg), of Th. Pfeiffer, E. Franke, 
C. Gétze, and H. Thurmann (Jena), and of J. Aeby, R. Dorsch, 
Dr. Matz and P. Wagner (Darmstadt). The combined reports 
make a very valuable contribution to the subject of denitrification, 
and will well repay a careful study to all who are interested in the 
nitrogen question. 

The Jena and Darmstadt stations have reached similar conclu- 
sions in regard to certain phenomena. The experiments of both 
indicate that with a limited supply of air in the manure, the losses 
of elementary nitrogen and of organic substance are not very ex- 
tensive. It might be added here that the results obtained at the 
Darmstadt station® indicate that “solid excreta and straw lose 

_their nitrogen so very slowly, that no conservation materials are 
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needed. It is only the nitrogen of urine that requires conserva- 
tion.” 

Pagnoul* had found that horse manure, especially in the pres- 
ence of starch, tends to cause the disappearance of nitrates, but at 
30° with a sufficient supply of oxygen and water, there is no loss 
of free nitrogen, but the conversion of nitrate into organic combi- 
nations. It should be added here, perhaps, that the same investi- 
gator had some years earlier® declared that ordinary quantities of 
horse manure do not cause denitrification in the soil. 

Also Ragoyski®* found that lime largely prevents the loss of 
nitrogen. It is very likely that the increase in albuminoid nitrogen 
was due to the activity of bacteria, for also Street®’ and others 
have found this to be the case; but as to the availability of the 
organic nitrogen thus formed, there is a considerable difference of 
opinion. Nobbe and Hiltner®® state definitely that the organic 
nitrogen produced by soil bacteria is not available, at least not im- 
mediately available, to the growing crop. 

Pfeiffer, Franke, Lemmermann, and Schilbach® studied the 
availability of the nitrogen in different nitrogenous materials in 
both pot and field experiments. The substances used were sodium 
nitrate, ammonium sulphate, ground horn, dried blood, meat and 
bone, and barnyard manure, both treated and untreated. 

It would not be out of place here to examine a certain statement 
of the authors that had a direct bearing on facts brought out in 
our own experimental work. They attempt to account for the 
high nitrogen content of plants grown on a soil poor in nitrogen.” 
Quoting Maercker’s explanation,” “that on a soil very poor in 
nitrogen, the plants starving for want of nitrogen do not pass their 
period of infancy ; on account of their lack of nitrogen they are not 
able to form sufficient amounts of carbohydrates, and these result 
in abnormal plants, which die before they mature, and, therefore, 
are rich in nitrogen, while containing but a small amount of dry 
matter.” The authors criticize this statement and point out that 
there must have been some other controlling factor, for with a 
plentiful supply of the other plant food constituents, there should 
result a mass of plant food substances of a normal composition. 
A comparison of Series I and 2 in our experiments will show that 
they are right in this respect. 

In an article entitled’* “The Cause and Significance of the De- 
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composition of Nitrates in the Soil,” Kriiger and Schneidewind 
report the results of their experiments. The work was under- 
taken in order to solve the following problems: (a) Does the 
loosening of the soil caused by applications of manure have any- 
thing to do with the diminution in yield? (b) Is it caused by the 
addition of organisms that destroy nitrates? (c) Is it caused by 
the addition of substances which favor the development of the 
nitrate-destroying organisms, and thereby favor denitrification? 

The investigation included both plot and field experiments, 6 
kilos of soil being used in the former. ‘They find that there was ~ 
denitrification in the plots, there being in every case a smaller 
yield over the nitrate alone when together with the latter fresh 
manure is used, and that with varying quantities of nitrates. 

The authors express the belief that while the denitrification 
processes in the field are not as extensive as they are in the 
cylinders, yet even in field operations the denitrification processes 
are of considerable significance. The decomposition of nitrates 
in the field is not usually noticeable, because the nitrification 
processes here are more intense than they are in the cylinders, and 
hence denitrification is less marked. Denitrification is also masked 
on the addition to the field of barnyard manure, because there is 
more soluble nitrogen added by the latter to the soil than is de- 
stroyed by the denitrifying bacteria. “A direct conclusion as to 
the extent of denitrification in practice can only be obtained by 
determining the action of liquid manure, or of nitrate for itself on 
the one hand, and on the other hand the action of either when used 
together with solid excreta and straw.” 

Pfeiffer and Lemmermann™ do not agree with Kriiger and 
Schneidewind in their claim that denitrification caused by manure 
is due to the organic matter it adds to the soil, rather than to the 
bacteria contained in it. 

Maercker had pointed out’ that in the course of sterilization of 
manure, certain substances are formed that are injurious to plant 
life. It follows, if this be true, that a comparison in vegetation 
experiments of sterilized and unsterilized manure would not bring 
out the actual relations. To avoid this difficulty, Pfeiffer and 
Lemmermann sterilized both lots, and then inoculated one of them 
with a pure culture of B. denitrificans II, given to them by Dr. 
Kunnemann. ‘They find that there is an increase in the soil nitro- 
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gen of all the cylinders on which no nitrogen had been applied, 
and are inclined to ascribe the cause of it to nitrogen-fixing bac- 
teria. This view is confirmed by the experience of Aeby,” of 
Schneidewind,”* and of Richter.7_ The latter sums up his conclu- 
sions as follows: (1) The several unsterilized vessels to which 
no nitrogen had been added show an increase in nitrogen. The 
gain is slight in the first crop, but increases later. (2) In all 
cases where nitrogen is applied, there is a loss of soil nitrogen. 
Hence the increase of nitrogen in the soil takes place only when 
the latter is poor in assimilable nitrogen. 

Pfeiffer and Lemmermann are also inclined to think that since a 
part of the nitrate nitrogen is changed into the organic form, and 
is later utilized by the plant, it is manifestly unjust to decide on its 
relative availability from short vegetation experiments. Finally 
they conclude that there are several factors responsible for the 
so-called denitrification process. ‘There are at least three such 
factors, and namely: 

1. Direct injury to the growing plants by larger quantities of 
organic substance. 

2. Fixation of soluble nitrogen by the increased activit~ of 
different organisms. 

3. Denitrification proper. 

It is still to be learned which one of these factors plays the most 
important part, economically and how we are to modify and 
influence such activity. 

From his more recent experiments’® Rogoyski concludes that 
there is a denitrification of nitrates in the presence of large 
amounts of manure, the nitrogen being set free in the elementary 
state, while a part of it transformed into organic combinations. 
Similar changes occur when soil containing large quantities of 
manure or straw is mixed with urine or a solution of ammonia 
salts. The nitrogen thus fixed appears to be readily nitrifiable. 
When quantities used in practice were applied no denitrification 
took place, and the urine was nitrified. On the other hand, deni- 
trification did take place when excessive quantities were applied. 

The work of Wood” indicates that there was considerable de- 
nitrification when manure at the rate of 10 to 20 tons per acre was 
applied, together with nitrate. While there was some denitrifica- 
tion where well-rotted manure was used, the effects were more 
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striking in the case of fresh manure. Thus nitrate alone gave an 
increase of 9.5 bushels of grain per acre, while nitrate together 
with fresh manure gave practically no increase. 

At present Hoflich® is reporting studies in which he is trying to 
differentiate between denitrifying bacteria naturally occurring in 
soils, straw and manures. 

The above represents a brief review of most of the recent re- 
search work on denitrification and the changes in manures. The 
fact that great losses of nitrogen take place when excessive 
amounts of manure are applied, and that, conversely no denitrifi- 
cation, or very little denitrification, takes place when ordinary 
quantities are applied, taken together with the experiments of 
Pfeiffer and Lemmermann to prove that much of the reduction in 
yield usually attributed to denitrification is really due to the 
injurious effect of large amounts of organic matter, indicate that 
there is a phase of the subject that needs very careful investiga- 
tion. 
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PART II. 


The work carried on in our own laboratory’ tends to confirm the 
claim of the European investigators. It shows clearly that 
nitrates when in contact with manure are destroyed by the organ- 
isms contained in the latter, that this destruction of nitrates is 
essentially a reducing process, that the larger portion is set free 
as gaseous nitrogen, and that a part of itisconvertedintoammonia, 
and part of it intoinsolubleorganic nitrogen, not suitedto supply the 
immediate nitrogen requirements of the growing crop. It shows, 
moreover, that other manurial substances, like acid phosphate, 
kainite, ammonium sulphate, etc., modify the transformation of the 
nitrate nitrogen. In interpreting these laboratory results, and 
in studying the conclusions drawn, it becomes necessary to deter- 
mine their applicability to actual practice. The cylinder experi- ‘ 
ments whose plan and scope were presented in the first part of 
this paper are carried on under conditions approximately those in 
the field, and on a scale extensive enough to permit of conclusions 
and deductions of great practical importance. The use of fresh 
and of leached manure intended to answer still another question of 
direct concern to every farmer; and namely, what relative value 
they possess when used by themselves, or together with nitrogen 
salts, or with highly nitrogenous organic substances. ‘The compo- 
sition of the fresh manures, and of the leached manures, used in 
the experiment are shown in the accompanying table. 

1 John P. Street : N. J. Sta. Rep., 1899, p. 86, and Rep , 1900, p. 79. 
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TABLE I. 
Leached manures. Fresh manures. 
Solid and Solid and 


Solid. liquid. Solid. liquid. 
Percent. Percent. Percent. Percent. 








WALER «occ serescssnicogese cectee« 77-043 78.614 85.794 85.074 
MATS «sg kc nolpccnpesaseaascnae 3-176 3.005 1.831 2.645 
“Organic matter .....2..eee- cece 19.781 18.381 12.375 12.281 
Nitrogen (total) ......-ecceeees 0.431 0.498 0.293 0.463 
Nitrogen, water-soluble......... 0.056 0.169 0.060 0.211 
Nitrogen as nitrates ............ are 0.015 0.031 
Nitrogen as ammonia .......... coee 0.080 0.031 0.090 
Nitrogen as soluble organic..... 0.056 0.089 0 O14 0.090 
Nitrogen as insoluble organic... 0.375 0.329 0.233 0.252 
Phosphoric acid.......+++-++++- 0.504 0.508 0.372 0.410 
POURGH dos: i vigctcasin ee + eoseene 0.350 0.414 0.141 0.199 


As already stated, a study not only of the relative effect of the 
constituent nitrogen in the various manures themselves, but also 
of its effect when used in connection with nitrogenous materials 
possessing a known rate of availability, was made the subject of 
the experiment, thus enabling a comparison of the relative avail- 
ability of the nitrogen, as well as the denitrifying effect of the 
various manures. 

Since the manure on the farm is so often exposed to the 
leaching action of rain before it is put on the field, it becomes ap- 
parent that the economic interests involved are of great moment. 

In the tables presented in this paper, the attempt has been made 
to arrange logically the experimental data thus far obtained. 


THE RESULTS OF THE OAT EXPERIMENT, IQOO. 


The accompanying table shows the actual dry matter in the dif- 
ferent crops, the percentage of nitrogen contained in them, the 
gain in nitrogen due to materials added, and the percentage of the 
applied nitrogen recovered. In all cases, the net gains in the 
different series are derived by subtracting the average gain ob- 
tained on Series 2, upon which minerals only were applied, from 
the average gain for that particular series. 

As in the crops of 1898 and 1899, there was a gain in weight of 
the dry matter of the crops to which nitrogenous materials were 
applied. 





806 


ae 
Series. 


is) 


oo w 


on 


fs) 


i~ ) 


rs 
° © x 


- 
lol 


8 
ODP ODF ODP ODP ODP OP ODP OWP OW POwW> OW> OWD 


TABLE II.—RESULTS OF THE OAT EXPERIMENT. 


gen applied. 


8 Nitro; 


Q 
3 
e 


+ 
eo 
= 
oe 
cE 
48s 
i 


4.76 


Dry matter in 
crop. 


Grams. 
81.8 
82.6 
84.8 


116.9 
106.8 
107.1 


154.0 
155-3 
123.8 
232.4 
208.3 
213.3 
128.5 
121.7 
131.2 
193.4 
193.7 
193.7 
158.0 
166.3 
174.7 
202.3 
184.0 
198.4 
197.3 
189.5 
199.2 
207.0 
227.2 
232.9 
265.4 
260.1 
269.0 
262.5 
242.2 
285.9 


E. B. VOORHEES. 


Nitrogen in dry 
matter. 
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Dry matter in 
crop. 


try 


Nitrogen in d 
matter. 


Per cent. 


1.150 


1.143 
1.129 


1.333 
1.203 
1.241 


1.335 
1.236 
1.158 


1.418 
1.420 
1.387 
1.142 
1,221 
1.149 
T.094 
1.060 
1.085 
1.176 
1.235 
1.156 
1.154 
1.200 
1.145 


Nitrogen in crop. 


Grams. 
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1.941 
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0.934 
1.292 
1.181 


1.035 
0.998 
1.123 


Per cent. of nitro- 
gen recovered. 


17.86 
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18.09 


25-54 
24.03 
23.19 


36.35 
30.54 
28.24 


44.69 
37-75 
32.52 
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67.43 
68.75 
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55-91 
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18.21 
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THE AVAILABILITY OF THE NITROGEN IN THE SOLID AND IN THE 


SOLID AND LIQUID PORTIONS OF FRESH MANURE. 


In 1899, the problem was more complicated, because of the 
varying quantities of nitrogen applied in the manure.* 
not the case, however, in the crop under consideration, for the 
amounts of nitrogen applied in the manure were practically uni- 


form. 


to furnish nitrogen practically equivalent to 4 grams. 


1 Twenty-First Annual Report N. J. Expt. Sta. 


Such was 


In every case where manure was used, enough was applied 
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1899. 
Series 3, nitrogen applied = 3.32 grams. 
Series 3, nitrogen applied = 5.25 grams. 
Recovered in crop, 3- 8.3 per cent. 
Recovered in crop, 4-40.2 per cent. 

100. 
Nitrogen applied = 4.05 grams. 
Nitrogen applied = 3.98 grams. 
Recovered in crop, 3-10.81 per cent. 
Recovered in crop, 4-30.60 per cent. 


It appears, then, that in each case the recovery from the solid 
and liquid, combined, was greater than that from the solid 
manure alone. However, the relations are not quite the same, for 
in 1899 the recovery from the solid and liquid was nearly five times 
that from the solid alone, while in 1900, the recovery from the 
solid and liquid, combined, was not quite three times that from the 
solid alone. ‘The fact that the comparative recovery was greater 
from the solid manure alone, indicates that the greater amounts of 
moisture rendered greater quantities available. As with the re- 
sults of 1899, it is quite evident here that a large recovery may be 
expected from the soluble nitrogen in liquid manures. 

The greater yield of dry matter over check (Series 2), was 31 
per cent. for the solid, and 97.6 per cent. for the solid and liquid. 
The corresponding figures for 1899 were 35.9 per cent. and 228.8 
per cent. This again indicates that with more rain the solid 
manure makes a better showing. It should be borne in mind, 
nevertheless, that the better showing for the solid and liquid 
manure in 1899 was due in a measure to the larger application of 
5.25 grams, as against 3.98 grams in 1900. 


THE AVAILABILITY OF THE NITROGEN IN THE SOLID AND IN THE 
SOLID AND LIQUID MANURE, LEACHED. 


1899. 
Nitrogen applied in leached manures, Series 5, 1.96 grams. 
“ ei es “ by “6, 4.52 grams. 
Recovered in Crop.-++++seeseeeeeees ‘* 5, 8.4 per cent. 
- BAN. | £225 Verde 6a See bieeee sen AG, 13.8 per cent 
1900. 
Nitrogen applied in leached manures, Series 5, 3.99 grams. 
Kae ss . ey Bg ‘6, 4.04 grams. 
Recovered in Crop.-+--+sseeee seers ‘© 5, 7-38 per cent. 


as ASOD oeewe cd sw dedicate ‘« 6, 22.06 per cent. 
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The differences in recovery in the leached manures between the 
solid and the solid and liquid portions, are not as great as in the 
fresh manures. The recovery in the solid leached is proportion- 
ately somewhat less in 1900, but in the solid and liquid leached the 
recovery in 1900 is much greater than that in 1899. In the pre- 
ceding year, however, the recovery in the leached manures is less 
than the recovery in the fresh manures; while the differences in 
recovery between the solid fresh and leached are slight, the differ- 
ences between the solid and liquid, leached and fresh, are more 
considerable. 

As to the dry matter produced, following are the figures: 


1899. 1900. 
Series 5..-- 20.9 per cent. Series 5---- 15.7 per cent. 
Series 6..-- 83.3 per cent. Series 6..-. 57.7 per cent. 


It appears from these that in 1899, the increased yield over the 
check plot was greater in the case of the solid, and of the solid and 
liquid, leached. Also, here it is evident that the differences in 
yield from the solid and the solid and liquid, leached, are not as 
great as they were in 1899. Furthermore, the dry matter produced 
from the solid manure, leached, is proportionately richer in nitro- 
gen than the dry matter produced from the solid and liquid 
manure, leached. This is true for both 1899 and Igoo. 


THE RELATIVE AVAILABILITY OF THE NITROGEN IN THE FORM OF 
NITRATE, AMMONIA, AND OF ORGANIC MATTER IN DRIED BLOOD. 
The same amounts of nitrate nitrogen, of ammonia and of 

organic nitrogen, as dried blood, were applied on the several series, 

as in the years 1898 and 1899. Series 8, 10, 12, 14 and 16 received 
each the double quantity, that is, an amount of sodium nitrate con- 
taining 1.55 gram of nitrogen. Series 7 received 0.78 gram of 
nitrate nitrogen. On 17 and 18, enough ammonium sulphate and 
dried blood, respectively, were applied to furnish, approximately, 
the double nitrate quantity of 1.55 grams of nitrogen. The basis 
of comparison, therefore, will be Series 8. As in 1899, the pro- 
portionate recovery from Series 8 is slighter than that from Series 

7. The differences, however, are somewhat smaller. The amounts 

recovered for 7 and 8 are 75.8 per cent. and 69.0 per cent., respec- 

tively, the corresponding figures for 1900 being 80.43 and 76.30 

per cent. It would seem that the heavy showers in 1900 did not 

wash the nitrate beyond the reach of the crop. The dry matter in 
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1900, as was also the case in 1899, is richer in nitrogen on Series 8. 
In 1899 it was 1.268 per cent. for Series 7, and 1.330 per cent. for 
Series 8, and in 1900, 1.072 per cent. for Series 7, and 1.199 per 
cent. for Series 8. The absolute amount of nitrogen taken out is, 
naturally enough, greater on Series 8 than it is on Series 7. In 
1899 it was 1.422 grams on 7, and I.gor grams on 8—a greater 
proportionate increase on 7, and a greater absolute increase on 8. 

The dry matter on Series 17, where ammonium sulphate was 
used, is richer in nitrogen than the dry matter on Series 18, where 
dried blood was used. The corresponding figures are 1.171 per 
cent. for 17, and 1.079 per cent. for 18, in 1900, as compared with 
1.394 per cent. for 17 and 1.366 per cent. for 18, in 1899. It will 
be noticed that the differences are slighter in 1899. The per- 
centage of nitrogen recovered is greater from the ammonia than it 
is for the dried blood, which is in agreement with the results of 
1899. As with the nitrate, the percentage recovery from the 
ammonium sulphate and from the dried blood was greater in 1900. 
The recovery in 1899 was 50.3 for the ammonium sulphate, and 
40.4 per cent. for the dried blood. The corresponding figures for 
1900 are 68.84 per cent. and 52.15 per cent.; also due, no doubt, to 
a more generous supply of moisture. It thus follows that the 
availability of the ammonia and blood nitrogen was increased by 
the greater precipitation. It is interesting to note here that the 
recovery from the dried blood in 1900 was greater than that from 
the ammonium sulphate in 1899, both relatively and absolutely. 
THE EFFECT OF THE USE OF THE SOLID AND OF THE SOLID AND 

LIQUID PORTIONS OF COW MANURE, FRESH AND LEACHED, 
WITH NITROGEN IN THE FORM OF NITRATE, OF 
‘AMMONIA AND OF ORGANIC MATTER. 

The object of these combinations was not alone the sfudy of the 
availability of the different forms of nitrogen when applied 
together, but also to determine whether the nitrogen of the 
nitrates applied as such, or formed from the materials ap- 
plied, would be set free by the deoxidizing action of cer- 
tain bacteria.t. As in previous years, the clear manure, free from 
any admixture of litter was used, and the amount of manure 
applied was in no case much greater than that applied in actual 
practice. 

1 N. J. Sta. Rep., 1899, pp. 97-IoI ; 1900, Pp. 100-T102. 
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By applying the different forms singly and also in combination, 
it becomes possible to determine, not only the comparative avail- 
ability, but also the extent of denitrification, if any should take 
place. The results of 1898, and of 1899, have shown clearly that, 
thanks to the combination, the nitrogen in the different forms is 
even more efficient than where these forms are used singly. The 
reason for this we must seek in the fact that no single form is so 
well adapted to nourish the plant continually and uniformly as are 
the proper combinations. Such uniform feeding not only enables 
a uniform and healthy growth, but it also makes possible a more 
thorough utilization of the plant food made available by providing 
a better root system. It should also be remembered that the 
character of the season is an important factor in determining the 
relative availability of the different forms of nitrogen. A more 
abundant supply of moisture will tend to increase the availability 
of the organic forms and will also tend to increase to a still 
greater extent, proportionately, the availability of the nitrogen in 
the different combinations. However, while the tendency is there, 
the combinations do not always show a proportionate increase over 
the forms used singly. The following table shows the actual 
average percentage recovery of nitrogen, when the materials fur- 
nishing it were used singly, as well as when they were used in 
combination, together with the percentage increase of nitrogen 
from combinations of two materials, calculated from the increase 
obtained when they were used singly. 

The difference between the percentage of nitrogen actually re- 
covered and the percentage recoverable, calculated, represents the 
losses due to all causes; the difference is expressed in percentage 
in the last column. It appears that in 1900, the percentage recov- 
ery was greater in nine out of eighteen series, and of these nine, 
six were in series where the materials applied were used singly. 
This is particularly true of 6, 7, 8, 17 and 18. On the other hand, 
the percentage recovery is greater in 1899, in the series where the 
combinations of the different forms were used, that being espe- 
cially noticeable in Series 10, 11, 12, 13 and 14. While it may 
be assumed that the greater availability of the nitrate, ammonia 
and dried blood was due in 1900 to a greater abundance of mois- 
ture, it is more difficult to determine the causes that were respon- 
sible for a slighter percentage of recovery on the series where 
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TABLE III. 
1899. 1900. 
1 Ut 1 yee 
kso° f° 
& z & z 
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e 28 i) S088 38 yo 0008 
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Percent. Percent. Percent. Percent. Percent. Percent. 
Solid manure, fresh. 3 8.3 eee 10.81 : 
Solidandliquid,fresh 4 40.2 rae <a ke 30.60 


Solid, leached...... 5 8.4 ome 4 nie 7.38 
Solid and liquid, 

leached ........ 6 13.8 ee nae 22.06 
Sodium nitrate ... 7 75.8 See te 80.43 
Sodium nitrate ..... 8 69.0 osee sees 76.30 
Ammoniumsulphate17 50.3 ee ree 68.84 
Dried blood ........ 18 40.4 anen come §2.15 Saks ae 
7 and 3in .....-.0e. 9 16.4 21.12 22.2 19.97 22.10 9.64 
8 and 3 in......-..-. 10 29.4 27.59 tae 27.99 28.95 2.32 
PORE 210 600 Ss 000 II 46.5 44.74 sae 41.43 38.76 are 
8 and 4in.......... 12 46.8 46.71 Seite 44.68 43.42 oes 
7 and 5 in .....--ee- 13 21.3 27.59 23.0 17.50 19.33 9.47 
8 and 5 in ........+. 14 35-1 35-15 si 24.25 26.68 9.11 
7and 6in ........+- 15 21.6 = 22.92 5.8 38.78 33.42 MSs 
8 and 6in .......... 16° » 4o.% 27.89 sees = - 38.32) 37.10 “pi 
17 and 5in ....-.e-. 19 27.9 27.35 si bre 20.63 24.24 14.89 
18 and 5 in ......... 20 23.3 22.51 te0% 19.20 19.56 1.84 


combinations were used. It is questionable in just how far the 
difference may be attributed to leaching in 1900, for the fact that 
the recovery from the double quantity of nitrate on Series 8 was 
greater in that year than was the case in 1899, would indicate that 
but little, if any, of the nitrate nitrogen was washed beyond the 
reach of the plant roots. The differences in the amount of nitro- 
gen applied may have had something to do with it; even that is 
questionable, for the percentage recovery was slighter in 1900 on 
Series 11 and 12, where more nitrogen was applied in 1899, as well 
as on Series 13 and 14, where more nitrogen was applied in 1900. 
It is possible that the differences were due to denitrification, still 
for the present this is only surmise. 

As it is, the percentage of nitrogen recovered in 1900 exceeds 
the calculated recovery in four cases out of ten. They are Series 
II, with'a recovery of 41.43 per cent., calculated 38.76 per cent. ; 
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Series 12, with a recovery of 44.68 per cent., calculated 43.42 per 
cent.; Series 15, with a recovery of 38.32 per cent., calculated 
37.10 per cent. In Series 15 and 16, where leached manure was 
used with nitrate, the percentage of nitrogen recovered differs to a 
greater extent from that of 1899. The figures for 1889 were 21.6 
per cent. and 29.1 per cent., as against 31.71 per cent. and 38.23 
per cent. in 1900. The losses varied from 1.84 per cent. on Series 
20, to 14.89 per cent. on Series 19. In 1899 the maximum loss 
was 23 per cent. on Series 13—the minimum loss, 5.8 per cent. on 
Series 15. 

That the season has much to do with the production and trans- 
formation of plant food in the soil is brought out very graphically 
in the following columns, where the availabilities of the several 
nitrogenous substances are compared. 


TABLE IV. 
Oats and Oats and 

Corn. Oats. millet. Oats. corn. 

1898. 1899. 1899. 1900. Igoo. 
Sodium nitrate..........+. 100.0 100.0 100.0 100 0 100.0 
Ammonium sulphate....... 99.5 72.9 77.9 g0.22 87.75 
Dried blood... 6.0 ccccee cee 95-4 58.5 61.3 68.35 73.07 
Solid manure, fresh ....... 16.76 12.0 43.1 14.16 26.36 
Solid manure, leached..... 37.87 12.1 46.4 9.67 21.99 
Solid and liquid, fresh..... 49.66 58.2 88.4 40.10 51.46 


Solid and liquid, leached -. 50.38 20.0 33.0 28.91 35-91 

As was already pointed out in the report of 1900,’ the superi- 
ority of the solid and liquid manure over the solid manure is 
brought out strikingly. Moreover, it appears from the later 
results that the solid manure, fresh, if anything, is superior to the 
solid manure, leached, which is contrary to what could be drawn 
from the results obtained in 1898. In 1899, the solid fresh, and 
the solid leached, showed the same rate of availability. In 1900, 
the solid fresh, in the oat crop alone, and in the oats and corn 
taken together, showed a higher rate of availability. Similarly, in 
the case of the solid and liquid, fresh and leached, the availability 
was practically the same in 1898. It was higher for the fresh in 
1899, and also in 1900. 

RESULTS OF THE CORN EXPERIMENT—RESIDUAL EFFECTS. 

‘The oats were harvested on July 6th. A few days later the soil 
in each cylinder was dug up, and thoroughly stirred. One 

1 N. J. Sta. Rep., 1900, p. 102. 
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hundred kernels of corn were planted in each cylinder with the 
twofold object of exhausting the nitrogen left over from the crop 
just harvested, and also of determining the influence of the resid- 
ual nitrogen on plant growth. In using a considerable quantity 
of seed, it was intended to make the exhaustion more rapid and 
complete, and at the same time, to insure greater uniformity of 
assimilation by eliminating, to a great extent, the influence of 
defective individual plants. By this means the average is made 
more truly representative. 


TABLE V.—RESULTS OF THE CORN EXPERIMENT. 


Both crops. 
’ | 
ee $. ds : 
uo) oy pepe} ; 
pS re 2 
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Grams. Grams. Perct. Grams. Grams. Grams, 


145.0 0.617 0.895 +--+ coos eens wee wee nee 
117.3 0.691 0.810 see ‘ “ A 
125.2 0.694 0.868 
see 135.1 0.579 0.782 -«-- 
+ 124.4 0.649 0.807 (0.794) 
sees 124.0 0.640 0.794 «+> Sais ask 
3.57 193.6 0.624 1.207 0.413 II.57 +--+ 0.895 22.10 
175.9 0.605 1.064 0.270 7.76 10.02 0.839 20.72 
3-79 201.7 0.596 1.201 0.407 10.74 +--+ 0.669 16.52 
2.48 201.0 0.581 1.168 0.374 15.08 .«--- 1.878 47.19° 
178.9 0.645 1.153 0.359 12.38 11.75 1.434 36.03 
159.4 0.640 1.020 0.226 7.79 -+++ 1.301 32.61 


3.67 224.4 0.577 1.294 0.500 13.62 «.--- 0.819 20. as} 
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178.9 0.589 1.055 0.261 6.90 9.86 0.473 11.85 
3.64 169.8 0.662 1.124 0.330 9.07. ---- 0.683 17.12 


3.07 162.2 0.603 0.977 0.183 5.96 «++. I.I5I 28.49 
155.9 0.627 0.978 0.184 5.90 6.25 1.099 27.20 
3.25 139.8 0.729 1.018 0.224 6.89 «--- I.OI5 25.12 
O.II 126.7 0.660 0.836 0.042 38.18 «.--- 0.728 93.33 
0.21 103.9 0.660 0.685 0.109 «--- «+++ 0.459 58.85 
0.15 98.0 0.685 0.671 0.123 «+++ «e+» 0.503 64.49 
0.32 125.1 0.618 0.773 0.021 «+++ «ees 1,210 78.06 
0.40 133.0 0.630 0.838 0.044 I1.00 «++. 1.196 77.16 
105.7 0.674 0.712 0.082 «++. «e+e 1.083 69.87 
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Residual nitrogen. 


Series. 


Grams. 
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4.17 
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Dry matterin crop. 
Nitrogen in dry 
matter. 


Grams, Per. ct. 
215.4 0.618 
189.6 0.601 
158.5 0.670 


202.2. 0.575 


237.6 0.573 
189.8 0.605 


187.8 0.633 
185.1 0.627 
166.0 0.598 


225.0 0.591 
183.6 0.645 
170.4 0.598 
255-3 9.527 
182.4 0.578 
226.3 0.589 
0.556 
0.608 
0.617 


0.588 
0.606 
0.652 


0.555 
0.580 
0.641 
0.649 


0.621 
0.728 


0.646 


0.670 
0.671 


224.8 
195.6 
174.3 
200.0 
185.9 
172.8 
206.6 
189.7 
160.5 
115.9 
131.8 

92.7 
137.2 
120.6 
120.5 


173-7 
174.1 
174.6 


182.9 
174.9 
170.7 


0.652 
0.654 
0.670 
0.667 
0.677 
0.689 


Nitrogen in crop. 
ncrease over 
check plot. 


_ 
Grams. Grams. 


1.330 0.536 


1.139 0.345 
1.061. 0.267 


1.162 0.368 
1.361 0.567 
1.147 0.353 
1.188 0.394 
1.160 0.366 
0.993 0.199 


1.330 0.536 
1.184 0.390 
I.0Ig 0.225 


1.344 0.550 
1.052 0.258 
1.332 0.538 
1.250 
1.190 
1.075 
1.177 
1.127 
1.125 


0.456 


0.396 
0.281 


0.383 
0.333 . 
0.331 
0.352 


0.305 
0.252 


1.146 


1.099 
1.046 


0.752 
0.819 
0.674 


0.886 
0.808 
0.808 


1.132 


1.139 
1.170 


0.042 
0.025 
0.120 


0.092 
0.014 
0.014 


0.338 
0.345 
0.376 
0.426 


0.390 . 
0.381 


1.220 
1.184 
1.175 


Per cent. of nitro- 
gen recovered, 


13.92 


6.86 


8.85 
15.08 
8.47 
15.63 
11.77 
7-29 
19.36 
12.19 
6.94 
14.03 
6.48 
13.76 
11.07 
9.41 
6.61 
12.47 
9.94 
9-57 
11.39 


8.79 
6.68 


5.10 


12.43 
2.12 
1.89 
7-38 
8.18 
8.68 
9.60 
8.71 
8.74 


ge per cent. 
of residual nitro- 
gen recovered. 
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10.80 
11.56 
12.92 
11.42 
‘ 
10.66 


8.95 


5.48 
8.08 


9.02 
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Both crops. 


— 


check plot. 


Q 
ee 
2 ™ § Increase over 
ar 


1.211 


1.806 
2.405 
1.779 
2.631 
2.015 
2.229 
3-333 
2.716 
2.515 
1.402 
1.047 
1.401 
1.871 

1.727 
1.566 
2.135 
1.805 
1.692 
2.850 
2.425 
2.070 
1.027 
1.050 
0.925 
0.839 
0.847 
0.765 
1.272 
1.637 

1.557 

1.461 
1.388 
1.504 
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Per cent. of nitr 
gen recovered. 
Average. 


31.39 
27.20 


25.07 


32.25 
42.95 
31.77 


55-27 
42.33 
46.83 
60.27 
49.11 
45.48 


29-39 
21.95 
29.37 


33-77 
31.17 
28.27 


bar. 99 


35.66 


| .14 


| su. 
| 26.90 
}sn.07 


44.29 
38.95 


37-45 
35-10 
50.98 
43.38 
37.03 


43-80 


67.57 
6.08 | 65.84 
60.86 

56.31 
56.85 
51.34 


ksuss 
23.09 
29.71 } 27.02 
28.26 


26.66 
25-33 
27.45 


26.48 
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TABLE VI.—AMOUNT OF RESIDUAL NITROGEN AND PROPORTION 








RECOVERED. 
Millet, 1899. Corn, 1 1900. 
3 Average per i Average per 
cent. of re- cent. of re- 
sidual ni- sidual ni- 
Taken out Residual trogenre- Takenout Residual trogen re- 
the nitrogen. covered. by the nitrogen. covered. 
Series - oats. Grams. Per cent. oats. Grams. Per cent. 

I 

a see eee eee eeee eee eeee 

2 8.3 3.04 17.5 10.81 3.61 10.02 

4 40.2 3.14 15.9  . 30.60 2.76 11.75 

5 8.4 1.80 19.2 7.38 3.70 9.86 

6 13.8 3-90 5.5 22.06 3.15 6.25 

7 75.8 0.19 rtd 80.42 0.16 vase 

8 69.0 0.48 see 76.30 0.37 see. 

9 16.4 3-43 12.7 19.97 3-87 9.91 

10 29.4 3.44 17.8 27.99 4.03 10.80 

II 46.5 3.23 16.8 41.43 2.79" 11.56 

12 46.8 3.61 21.8 44.68 3.06 12.92 

13 21.3 2.16 6.8 17.50 3-94 11.42 

14 + 35.1 2.28 10.6 24.25 4.19 9.03 

15 21.6 4.16 5-9 31.71 3.29 10.66 

16 29.1 4.31 6.9 38.32 3.44 8.95 

17 50.3 0.81 see 68.84 0.47 sees 

18 40.4 0.92 ee 52.15 0.71 5-48 

19 27.9 2.58 7.5 20.63 4.38 8.08 

20 23.3 2.69 Ti. 19.20 4-43 9.02 

Average 2.56 12.6 2.91 9.17 


The figures again bring out the facts already noted in 1899. 
In all cases where manure had been applied, the plants were 
enabled to secure a larger amount of nitrogen than those on the 
check plot. More than that, the series where solid manure alone 
was applied, yielded more nitrogen in the residual crops, as com- 
pared with the series on which solid and liquid manure was 
applied. On the other hand, there was no gain over the check 
plot from the sodium nitrate and ammonium sulphate; in fact, 
there was even a slight loss. In the case of the dried blood, there 
was a small gain over the check plot. Hence it may be said here 
that there was no residual effect from the nitrate and the ammonia, 
and a very slight effect from the dried blood. Owing to a more 
uniform germination of the seed, the corn produced results also 
more uniform as compared with the millet of 1899. It will be 
observed that the yield of nitrogen on Series 2 was even slighter 
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than that on Series 1, differing in this respect from the millet. 
Also this crop shows a percentage of nitrogen higher than the 
average in the dry matter on all of the series where there was not 
residual effect, as well as on the first two series, where no nitrogen 
was applied. Of the residual nitrogen, proportionately less was 
recovered in 1900. There was, on the avetage, 2.56 grams of 
residual nitrogen in each series in 1899, and 2.91 grams in Igo00o. 
Of that, there was recovered 12.6 per cent. in 1899, and 9.71 per 
cent. in 1900. The last figures represent the average per cent. 
recovery from fourteen series in 1899 and from fifteen in Igoo. 


THE AVAILABILITY OF THE RESIDUAL NITROGEN IN THE SOLID 
AND IN THE SOLID AND LIQUID PORTIONS OF FRESH 
MANURE, AND ALSO OF LEACHED MANURES. 


In 1899 there were 3.04 grams of residual nitrogen on Series 3, 
and 3.14 grams on Series 4, when the oats were harvested. In 
1900, there were 3.61 grams of residual nitrogen on Series 3, and 
2.76 grams on Series 4. Of that nitrogen, there was recovered by 
the millet 17.8 per cent. on Series 3, and 15.9 per cent. on Series 4, 
while the corn recovered 10.02 per cent. on Series 3 and 11.75 per 
cent. on Series 4. It appears that the recovery in 1899 was greater 
than that in 1900, and furthermore the solid manure does not make 
as good a showing in 1900, as compared with the solid and liquid 
manure. ‘This is applicable to both the fresh and leached manure. 
Thus the recovery from the solid and liquid manure, fresh, was 
greater, relatively than the recovery from the solid manure, which 
is contrary to the experience of 1899.. However, Tables VII and 
VIII show that the absolute amounts of nitrogen furnished by the 
solid manure to the residtial crops are greater than those supplied 
by the solid and liquid portions. The same is true of the leached 
manures. ‘The solid portion yielded in 1899, 1.398 grams of nitro- 
gen, and the solid and liquid portions yielded in 1899, 1.269 grams. 
The corresponding figures for 1900 are 1.158 grams for the solid, 
leached, and 0.991 gram for the solid and liquid, leached. In 5 
and 6 the residual nitrogen was, in 1899, 1.80 grams and 3.99 
grams, respectively, and of that there was recovered 19.2 per cent. 
for 5, and 5.5 per cent. for 6. In 1900 the residual nitrogen 
amounted to 3.70 grams in 5, and 3.15 per cent. in 6, and of that 
there was yielded in the corn 9.86 per cent. for 5, and 6.25 per cent. 
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TABLE VII.—NITROGEN IN THE CORN OF I900—THE STUDY OF RESIDUAL 


Series. 


oO ON AYU HW DN 


— = 
La! 


13 
14 
15 
16 
17 
18 
19 
20 


TABLE VIII.—NITROGEN IN THE MILLET OF 1899—THE STUDY OF RE- 


on nM WD 


E. B. VOORHEES. 


EFFECTS. 


Average weight of 
nitrogen in crop. 
Grams. 


0.858 
0.794 
1.157 
1.114 
1.158 
0.991 
0.731 
0.774 
1.177 
1.223 
1.114 
1.178 
1.243 
1.172 
1.143 
1.097 
0.748 
0.834 
1.147 
1.193 


SIDUAL EFFECTS. 


1.000 
1.052 
1.582 
1.558 
1.398 
1.269 
0.878 
0.854 
1.487 
1.661 
1.598 
1,834 
1.199 
1.292 
1.296 
1.347 
0.948 
0.961 
1.245 
1.352 





Average percent. of . 


nitrogen in crop. 
Per cent. 


0.667 
0.629 
0.608 
0.622 
0.609 
0.653 
0.668 
0.641 
0.629 
0.584 
0.619 
0.611 
0.565 
0.594 
0.615 
0.592 
0.666 
0.662 
0.659 
0.678 


2.514 
1.223 
1.176 
1.160 
1.239 
1.322 
1.304 
1.425 
1.441 
1.234 
1.291 
1,132 
1.143 
1.115 
1.256 
1.409 
1.301 
1.305 
1.283 
1.493 
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for 6. As in the previous year, the varying amounts of residual 
nitrogen rendered the problem more complicated; for all that, 
it appears that the greater the proportionate amount of soluble 
nitrogen in the manure applied, the smaller the amount of nitrogen 
recovered in the residual crop. Of the manure applied in 1899, 
there was contained in the solid portion 0.220 per cent. of soluble 
nitrogen. The residual crop obtained from Series 3, on the aver- 
age, 1.582 grams of nitrogen and from Series 4, on the average, 
1.558 grams of nitrogen, notwithstanding the fact that there was 
applied on Series 4, 5.25 grams of nitrogen as against 3.32 grams 
on Series 3. Similarly in 1900, the solid portion, fresh, contained 
0.066 per cent. of soluble nitrogen, and the solid and liquid 
portion, fresh, 0.269 per cent. of soluble nitrogen. The residual 
crop obtained from Series 3, 1.157 grams of nitrogen and from 
Series 4, 1.114 grams of nitrogen; the same relations hold true, 
even more markedly, in the leached manures. The reason for the 
above is quite apparent if we consider that it is the soluble nitrogen 
in the manure that is rapidly changed, and having once undergone 
the change it is like nitrate in that it is largely lost to the crop if 
not taken up within a short time. The figures clearly indicate 
that there is no residual effect from the nitrate, and hence the more 
rapidly a given manure is nitrified, the smaller, everything else 
being equal, will be its residual effect. It should also be noted 
here, that in the case of the solid, leached, the residual crop 
appropriated more nitrogen than the first crop. This is true of 
both the millet and the corn. Subtracting the amount of nitrogen 
obtained from the check plots we find that the oats in 1900 ob- 
tained from the solid manure, leached, 0.295 gram of nitrogen, 
while the corn following the oats obtained from the residue 0.364 
gram of nitrogen. Similarly, the oats in 1899 obtained from Series 
5, 0.165 gram of nitrogen, while the millet following the oats 
obtained 0.346 gram of nitrogen. 


THE AVAILABILITY OF THE RESIDUAL NITROGEN IN THE FORM OF 
NITRATE, AMMONIA, AND OF ORGANIC MATTER IN DRIED BLOOD. 


It was already noted that from the nitrate, both 5 and 10 grams, 
and from the ammonia, no residual effect was obtained. The yield 
of nitrogen on Series 2 was 0.799 gram. On Series 7, where 5 
grams of nitrogen were applied, the yield was 0.731 gram, and on 
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Series 8, with the double quantity of nitrate, the yield of nitrogen 
in the crop was 0.774 gram, so there was actually less nitrogen 
gathered by the residual crop from 7 and 8 than there was fromthe 
blank series. A similar observation was made in 1899, and the 
explanation seems to be that with the aid of the minerals and the 
nitrate, stronger plants are developed on 7 and 8 than there are on 
2, and these, because of their better developed root system, are 
enabled to get more nitrogen out of the soil itself and thus leave 
it poorer. This view is supported by a comparison of the yields on 
Series 1 and 2. It will be noticed that the residual corn crop ob- 
tained more nitrogen from Series 1 than it did from Series 2. 
Now, no nitrogen has been added to either for three years, but 
minerals were applied on Series 2, and these enabled the crops to 
withdraw more nitrogen from the soil as a study of the analytical 
data will show. In like manner, on Series 17 there was no residual 
effect, and the nitrogen gathered by the corn was only 0.748 gram 
less than that obtained from Series 2. Above all things it seems 
clear that no residual effect need be expected from ammonium 
sulphate. It should be remembered that the residual crops 
were planted within a few days after the oat crops were harvested. 
On Series 18 there was a slight gain over Series 2, indicating that 
there was at least a small residue of nitrogen left for the corn. In 
1899 no such effect was observed on 18, and should further expe- 
rience prove that there is some residual effect from dried blood it 
can by no means be very great. Hence, as in 1899, we are con- 
fronted by the fact that although but 52.15 per cent. of nitrogen 
was recovered from the amount applied as dried blood, but 68.84 
per cent. from that applied as ammonium sulphate, and but 76.30 
per cent. from that applied as nitrate, no further benefit to suc- 
ceeding crops need be expected from those particular applications. 
If anything, the availability of these three forms of nitrogen was 
slightly exaggerated because of the greater amounts of nitrogen 
taken out of the soil with their cooperation, nitrogen that was 
credited to them. ‘ 


THE EFFECT OF THE USE OF THE SOLID AND OF THE SOLID AND 
LIQUID PORTIONS OF COW MANURE, FRESH AND LEACHED, 
ALONE, AND WITH NITROGEN IN THE FORM OF NI- 

TRATE, OF AMMONIA AND OF ORGANIC MATTER. 


In the table submitted below are given the amounts of nitrogen 
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applied, the percentage of the applied nitrogen recovered in the 
residual crop, the residual nitrogen after that crop, and the per- 
centage of nitrogen obtained from the residue by the residual crop. 


TABLE IX. 
Total nitrogen Nitrogen Residual Nitrogen 
: applied. recovered. nitrogen. recovered, 
Series. Grams. Per cent. Grams. Per cent. 

3 4.05 8.96 3.61 10.02 
3.98 8.04 2.76 11.75 
5 3.99 g.12 3-70 9.86 
6 4.04 4.88 3.15 6.25 
7 0.78 oes 0.16 Sea 

8 1.55 eee 0.37 
17 1.52 ee 0.47 eee 
18 1.49 ; 2.68 0.71 5.48 
9 4.83 7-93 3.87 9.91 
fe) 5.60 7.66 4.03 10.80 
II 4.76 6.72 2.79 11.56 
12 5.53 6.94 3.06 12.92 
13 4.77 9.41 3.94 11.42 
14 5-54 6.80 4.19 9.03 
15 4.82 7.24 3.29 10.66 
16 5-59 5-42 3-44 8.95 
19 5.51 6.41 4.38 8.08 
20 5.48 7.28 4-43 9.02 


The relations pointed out in the last report largely hold true also 
this year. The recovery in the combinations does not differ much 
from the recovery in the manures alone, which might be expected, 
since the dried blood shows but a very slight residual effect. It 
should again be emphasized here that the tabulated figures show 
less favorably for the manures used in combination than is 
actually the case, for as a matter of fact the recovery from the 
nitrate plots was less than from Series 2, which was used as the 
standard of comparison. In 1899 the solid, leached, showed the 
greatest variation in recovery, the figures being 19.2 per cent. for 
5, and only 6.8 per cent. and 10.6 per cent., respectively, for 13 and 
14. In 1900 the results are more uniform. The recovery for 5 
is 9.86 per cent. of the residual nitrogen (Table IX), while the 
average recovery from 13, 14, I9 and. 20, where 5 was used in 
combination with 7, 8, 17 and 18, is 9.37 per cent. Similarly the 
recovery from 3 is 10.02 per cent., and the average recovery from 
g and I0 is 10.35 percent. ‘The recovery from 4 is 11.75 per cent., 
and the average recovery from 11 and 12 is 12.24 per cent. In 
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Series 6 the recovery was 6.25 per cent., while the average re- 
covery in 15 and 16 was 9.80 per cent., showing a considerable 
increase for the two, an increase that was not quite as marked in 
1899. The maximum residual recovery was 12.92 per cent. in 
Series 12; the minimum residual recovery was 5.48 per cent. in 
Series 18. In 1899, the maximum residual recovery was 21.8 per 
cent. in 12, and the minimum residual recovery 5.5 per cent. in 6. 


THE AVAILABILITY OF THE NITROGEN IN THE DIFFERENT MATERIALS 
USED WHEN THE COMBINED RESULTS OF THE TWO 
CROPS, OATS AND CORN, ARE CONSIDERED. 


Because of a more favorable season, the availability of the 
nitrate, ammonia, and of the dried blood, was higher than it was in 
1899. Not alone was there a greater quantity of nitrogen taken 
out of the check plots, but it also seems that on the nitrate, am- 
monia and dried blood plots, there was a proportionately larger 
quantity taken out of the soil. This assumption is justified by the 
results obtained from the residual crops on the series named. It 
follows from this that when the first crop is taken alone, the avail- 
ability of the three forms mentioned is placed somewhat above its 
true value. On the other hand, the exhaustion of the humus on 
these series would modify the soil to such an extent as to influence 
the yields appreciably. It is for these reasons that the returns 
from the combinations cannot be expected to be almost exactly 
equal to the sum for the series where the materials are used singly. 
Aside from the slight discrepancies, however, the agreements are 
more than satisfactory. 

From quick-acting materials immediate returns are expected, 
and no residual effects are looked for. Hence, they are at a dis- 
advantage when compared with slowly decaying organic materials 
through two or more crops. This was already pointed out in last 
year’s report. It was also noted then that on account of the 
smaller returns in the residual crop from 7, 8, and 17 as compared 
with Series 2, the percentage recovery of these materials is some- 
what lowered, since the losses shown for these materials in the 
residual crop must be subtracted from the gains made in the oat 
crops. A more detailed discussion of this point in question was 
presented elsewhere. The following table shows the percentage 
recovery of nitrogen for all of the series when the two crops are 

1 N. J. Sta. Rep., 1990, p. 108. 
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used as the basis of calculating, as well as the calculated recovery 
of those series where the combinations of materials was used. 


TABLE X. 
Nitrogen not re- 
covered in the 
Nitrogen Calculated combinations 


3 recovered. recovery. of materials. 

Series, Percent. Per cent. Per cent. 
Solid manure, fresh.....- - 3 19.78 sees sees 
Solid and liquid, fresh... 4 38.61 oeins secs 
Solid, leached ..........- 5 16.50 aida ‘ 
Solid and liquid, leached. 6 26.94 coee 
Sodium nitrate.......+.-. 7 72.22 see 
Sodium nitrate........... 8 75.03 
Ammonium sulphate..... 17 65.84 
Dried blood ..... occccees 18 54.83 eeee eees 
7 and 3in....... soesees - 9 27.89 28.94 1.24 
Sand 3 in ...... eee «see IO 35.66 35.07 adore 
7 ANG 4 it ecccccccccceces II 48.14 44.14 
BANG A Mies vcseiciceasin nas 12 51.62 48.84 
AIR ALY vo veias' vcveennne 13 26.90 25.60 
Sand $i. sess sees ects 14 31.07 32.87 5-48 
7 and 6 in .-ceeeccccee ces 15 38.95 34.25 coee 
8 and Gin «occ. vescecces 16 43-80 40.27 eeee 
17 and § it ..cceecccccece 19 27.02 30.11 10.26 
18 and 5 in «cee sccceees 20 26.48 26.92 1.63 


The figures show that in six cases out of ten there was a gain on 
the combinations over the sum of the increase on the materials 
when they were used singly. Of the other four, 9 and 20 show but 
slight differences, and may be disregarded, and on 14 and Ig the 
losses were 5.48 and 10.25 per cent., respectively. It is evident 
from the results, that there was no denitrification, and this con- 
firms the experience of last year. 


{CONTRIBUTION FROM THE HAVEMEYER LABORATORIES, COLUMBIA UNI- 
VERSITY, No. 66. ] 
ON THE COMPOSITION OF THE FERROCYANIDES OF ZINC. 


By EDMUND H. MILLER AND J. L,. DANZIGER. 
Received June 7, 1902. 


Tuis work was undertaken to determine the ratios of iron, 
potassium and zinc in the potassium zinc ferrocyanides, when pre- 
cipitated under certain definite conditions in view of the contra- 
dictory statements which have appeared regarding their compo- 
sition. ‘The precipitates were all formed in large beakers in the 
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cold, using zinc sulphate and potassium ferrocyanide. When zinc 
was to be in excess 100 grams of zinc sulphate and 50 grams of 
potassium ferrocyanide were used, while for ferrocyanide in ex- 
cess 100 grams potassium ferrocyanide to 50 grams of zinc sul- 
phate were taken. They were lettered to correspond with those of 
cadmium described in this Journal, 24, 226. 


DESCRIPTION OF PRECIPITATES. 


A. Neutral solution, zinc in excess; white gelatinous precipi- 
tate which became granular on washing. 

B. Neutral solution, ferrocyanide in excess; white curdy pre- 
cipitate settled by adding magnesium chloride. 

C. Hydrochloric acid solution containing 10 cc. (sp. gr. I.2 per 
liter) zinc in excess; bluish white curdy precipitate. 

D. Hydrochloric acid solution, same with ferrocyanide in ex- 
cess ; pure white curdy precipitate. 

E. Acetic acid solution containing 10 cc. (50 per cent. acetic acid 
per liter) zinc in excess; pure white flocculent precipitate, 
changing to a granular form after a few washings. 

F. Acetic acid’ solution, same with ferrocyanide in excess; 
white precipitate which settles badly. 

G. Ammoniacal solution, zinc in excess; formed by adding 
ferrocyanide to a solution of zinc hydroxide in ammonia, pure 
white and settled well. 

H. Ammoniacal solution, ferrocyanide in excess ; made in same 
way but settled very badly. 

I. Zine acetate and potassium ferrocyanide; no free acid was 
added but as the zinc acetate contained a trace of acetic acid the 
conditions were between A and E. 

In general the precipitates were very difficult to wash when 
ferrocyanide was in excess, but the addition of magnesium chlo- 
ride helped them to settle so that the most troublesome was clean 
when washed twenty-five times. They are all soluble in concen- 
trated hydrochloric acid. 

The method of analysis was in all cases the same, the object 
being to get the ratio between zinc and iron, but in some cases, 
especially when magnesium chloride was used to make the precipi- 
tates settle, the potassium was also determined to confirm the iron- 
zinc ratio. 
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Portions of the moist precipitate, judged to contain about 1 
gram,.were put in casseroles and about 50 cc. of hydrochloric acid 
(sp. gr. 1.2) added ; then heated till completely dissolved. Twenty- 
five cc. of nitric acid were next added and the whole evaporated 
nearly to dryness, taken up with hydrochloric acid, and evaporated 
to ro ce. After dilution the iron was separated from the zinc by 
one basic acetate precipitation and two precipitations with am- 
monia and ammonium chloride, ignited and weighed as ferric 
oxide. In the filtrate the zinc was precipitated as sulphide, dis- 
solved in hydrochloric acid, precipitated as ZnNH,PO, by 
(NH,),HPO, and weighed as Zn,P,0,;. When potassium was 
also to be determined the iron and zinc were taken out as sulphide 
to avoid the accumulation of ammonium salts, and the potassium 
finally weighed as sulphate. 


RESULTS OF ANALYSES OF PRECIPITATES. 
All the analyses were made in duplicate and when a satisfactory 
agreement was not obtained the work was repeated. In order to 
save space only the final results are given in the following table: 


Precipi- 


tate. Remarks. Ratio found, Corresponding Theoretical ratio, 
A. Twoweeks after Fe:K:Zn. formula. Fe:K:Zn 

precipitation -. 1: ---:1.51 K,Zn,(Fe(CN),), 1: I :1.50 
A. After standing-. 1:0.81:1.59 K,Zn,(Fe(CN),); 1:08 ; 1.60 
B. Fresh precipitate 1: --.:1.35 K,Zny(Fe(CN),g), I : 1.33 : 1.33 
&. After standing.. 1: :1.49 K,Zn,(Fe(CN),), 1: I :1.50 
B. After five days’ 

heating .....-. I:1.02:1.51 K,Zn;(Fe(CN).), 1: I 31.50 
CL eee e eee eeee I: +.:1.50 K,Zn,(Fe(CN),). I: 1 31.50 
Dis wwneeveveee I: «++ :31.40  KgZn,(Fe(CN),); 1:1.2 :1.40 
Bk cecve vecace I: eo 531.5% K,Zn,(Fe(CN),), 3: 2 :1.§0 
FE pei eieke ss I: e+- 21.43 KgZn,(Fe(CN),); 1:1.2 : 1.40 
G. Washed with 

water ...- see. ete! veneers. ois Soweneme 
G. Washed with am- 

monia -.-...-. I: 0 :2.00 Zn,Fe(CN), tio $760 
ae” vod tate asatdss ro eae Zn,Fe(CN), I: @ ‘£2300 
Zz. ixaGeiee ais Ties. 3 1.51 K,Zn,Fe(CN), Bo Tk: singe 


We see from this table, (1) that from A and B, the composition 
changes on standing; (2) that the composition of the precipitates 
is entirely different from what Stone’ and Van Ingen found under 
similar but not identical conditions; (3) that in hydrochloric acid 


1 This Journal, 19, 544 (1897). 
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solution, with zinc in excess (C), the results agree with Wyrou- 
boff,t De Koninck and Prost,? and Miller and Mathews;* with 
ferrocyanide in excess (D), the results agree with those of Miller 
and Mathews ;* (4) that in an acetic acid solution, the composi- 
tion is but slightly different from that formed in a hydrochloric 
acid solution ; this explains why Galetti’s* titration results do not 
agree with his theory; (5) that in an ammoniacal solution, the 
normal ferrocyanide is precipitated, whichever is in excess as 
given by Moldenauer,® but when zinc is in excess zinc hydroxide 
is carried down. 

In order to show whether these ferrocyanides are mixtures of 
simple ferrocyanides or whether they are definite compounds, a 
method of separation must be employed. Two methods are 
available, one mechanical and the other chemical. It was noticed 
that in washing the precipitates one portion would always settle 
well, while another portion would invariably remain in suspension. 

In the work on cadmium, it was shown in one case, that the 
composition of the precipitate that remained in suspension was 
CdK,Fe(CN),. This fact was made the basis of an attempt at a 
mechanical separation. A large amount of precipitate was made, 
in a large bottle, using zinc acetate (J). It was washed without 
loss, by causing the entire precipitate to settle by the use of 
strontium nitrate. It was then analyzed and gave the ratio of zinc 
to iron of 1.51:1.00, corresponding to Zn,K,(Fe(CN),)>. 

After the strontium nitrate had been entirely washed out, the 
precipitate did not settle well, and the supernatant liquid had a 
milky appearance, due to suspended ferrocyanide. This superna- 
tant liquid was siphoned into a second large bottle and allowed to 
stand over night. Fresh water was poured on the original pre- 
cipitate, thoroughly stirred and allowed to stand. The supernatant 
liquid in the second bottle, which was still of a milky appearance, 
was siphoned into a third bottle, in which strontium nitrate was 
present. This caused the precipitate to settle completely, leaving 
a clear solution above, which was siphoned off and rejected. 

The residue in the second bottle was washed by the supernatant 
liquid from the first bottle, and the process continued until a suffi- 
1 Ann. chim. phys., §, 11, 485 (1876). 

2 Chem. News, 76, 6 (1897). 
3 This Journal, 19, 547 (1897). 


4 Bull. Soc. Chim., Il, p. 83 (1864). 
5 Chem. Zig., No. 14 (1891). 
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cient amount of precipitate had collected in the third bottle to be 
analyzed. The residue in the last bottle gave the ratio of zinc to 
iron I.50:1.00, corresponding again to Zn,K,(Fe(CN),).. The 
residue in the first bottle gave the same ratio, showing that no 
separation was effected. 

During the work on cadmium ferrocyanides, it was found that 
when a complex precipitate was treated several times with strong 
ammonia, and the residue analyzed, it gave a formula correspond- 
ing to the normal ferrocyanide, Cd,Fe(CN),. This same treat- 
ment was applied to the zinc ferrocyanides. 

First precipitate (E) was treated with strong ammonia seven 
times and the residue analyzed. It gave the ratio of zinc to iron 
of 2:1, corresponding to Zn,Fe(CN),. Then precipitate 7 was 
treated in the same manner and both the residue and ammoniacal 
solution were analyzed. 

The ammoniacal solution was of a strong yellow color and, on 
dilution with water, a white precipitate separated, and as the 
ammonia evaporated, more precipitate formed. The analysis’ of 
the residue gave the ratio of zinc to iron of 1.97:1.00, correspond- 
ing to Zn,Fe(CN),. The analysis of the precipitate from the am- 
moniacal solution gave the ratio of zinc to iron of 1.97:1.00, the 
same as the residue. The latter was not what was expected, for, 
if the precipitates are mixtures of different proportions of 


“Zn,Fe(CN), and ZnK,Fe(CN),, and the residues gave 


Zn,Fe(CN),, the ammoniacal solution should have given 
ZnK,Fe(CN),. 

The fact that the residue from treating either E or J with am- 
monia is Zn,Fe(CN), agrees with the results on cadmium, but we 
have not so far succeeded in obtaining K,ZnFe(CN), either’as a 
precipitate or from the ammoniacal solution. 

After finishing this article it seemed so important to obtain, if 
possible, the compound K,ZnFe(CN), that two more precipita- 
tions were made in neutral solutions, one with a very small ex- 
cess of zinc, the other with a very small excess of ferrocyanide, 
thus duplicating as closely as possible the conditions under which 
Stone and Van Ingen state the compound to be formed,—as we 
thought we might have had too great an excess in our previous 
experiments. The precipitates were washed and analyzed as 
usual, The ratios were Fe:Zn::1.00:1.58 when zinc was in ex- 
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cess and 1.00:1.46 when the ferrocyanide was in excess. These 
results are in accord with those given on page 825 and are at 
variance with those of Stone and Van Ingen. 

As the solution obtained by treating the zinc ferrocyanides with 
ammonia undergoes decomposition with the formation of blue pre- 
cipitates and soluble ferricyanides, it is intended to.continue the 
investigation of the action of ammonia on the potassium cadmium 
ferrocyanides instead of on the zinc salts. 


QUANTITATIVE LABORATORY, 
June 4, 1902. 


ON STANDARD TARTAR EFSIETIC AND ITS STRUCTURAL 
FORIIULA. 


By F. E. HALE. 
Received May 23, 1902. 


GRUENER?' has already shown that tartar emetic solutions con- 
taining about 16 grams of tartar emetic, 20-30 grams of tartaric 
acid, and 1-10 cc. of concentrated hydrochloric acid to the liter, 
will keep from five to twelve months without any change in 
strength. There is no deposit of antimonious oxide under these 
conditions, no oxidation, and no signs of fungous growth. 
Gruener determined the strength of his tartar emetic solutions by 
titration with a decinormal iodine solution, standardized by deci- 
normal arsenite. ‘The mean of twenty-nine determinations showed 
43-95 per cent. of antimonious oxide in tartar emetic. Theory 
required 43.37 per cent. (Sb—=120, KSbOC,H,O,.%4H,O = 332). 
The cause of this discrepancy between arsenite and tartar emetic 
solutions made up as standards according to the accepted molec- 
ular formulas is a matter of considerable interest. One suggested 
explanation of this difference has been found in the supposition 
that the end reaction between starch and iodine is delayed when 
titrating tartar emetic by iodine until an excess of iodine is present. 
I have already shown in a previous paper? that a pure starch solu- 
tion gives a sharp end reaction with both tartar emetic and arsenite 
solutions arid that while with impure starch there is a loss of 
iodine accompanied by the production of reddish hues in titrating 
tartar emetic, as shown by the difference between the readings 
made in the presence of potassium iodide by the yellow color of 


1 Am. J. Sct., 46, 206. 
2 Jbid., May, 1902, pp. 379-399. 
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iodine and by the blue of starch iodide, yet it is no greater than in 
titrating arsenite solution in the presence of an impure starch. If 
only an impure starch is available, the reading should be made 
without starch, for the presence of potassium iodide renders very 
sharp the yellow color of the first excess of free iodine. This first 
reading may be afterwards corroborated by adding the starch 
solution which will then give only a pure blue color. The above 
discrepancy must then be due to some other cause than delay of 
formation of the starch iodide. The present paper will prove 
that this discrepancy is due to the ease with which tartar emetic 
loses its water of crystallization and that in order to get a salt of 
the exact composition, KSbOC,H,O,.4H,O (mol. wt. 332.15), 
certain conditions must be very closely observed. 

In the previous paper’ a tartar emetic solution was used contain- 
ing exactly 16 grams of tartar emetic to the liter, 25 grams of tar- 
taric acid, and I cc. of concentrated hydrochloric acid. Of this 
solution 50 cc. were oxidized by 47.75 cc. of decinormal iodine 
solution. Now 49.48 cc. of the iodine solution oxidized 50 cc. of a 
decinormal arsenite solution. Therefore it should have taken 
47.68 cc. of the iodine solution to oxidize 50 cc. of the tartar emetic 
solution; that is to say, the tartar emetic took 0.07 cc. of deci- 
normal iodine solution more than the theory. Calculated on the 
ratio of antimony to tartar emetic used the error was 0.06+ per 
cent. The tartar emetic was recrystallized from a boiling water 
solution, filtered, and air-dried. In the following experiments two 
different samples of commercial tartar emetic were used, which 
will be designated as C, and C,. C, was in crystalline condition, 
containing medium-sized crystals; C, was in fine powdery form. 
Twelve different recrystallized products were used, designated as 
R,, R,, etc., to R,. R,, R;, R,, and R,, were recrystallized from 
C,, the others from C,; R,, R,, R,, R,, and R,, were in medium- 
sized crystals from */,, to '/, of an inch in size. By rapid stir- 
ring, R, and R, were crystallized in very fine condition. R,, R,, 
R,, R, and R, were crystallized in exceedingly fine condition by 
precipitation by alcohol with rapid stirring. The attempt was 
made to get both a definite crystalline salt and a definite anhydrous 
salt. 

Decinormal solutions were made as follows: Exactly 16.6075 


1 Loe. cit. 
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grams of the crystalline tartar emetic (332.15) or 16.1575 grams 
of the anhydrous salt (323.15) were weighed out and dissolvedina 
little water by the aid of a filtered solution of 25 grams of tartaric 
acid. This solution, upon dilution, sometimes gave a crystalline 
precipitate which, however, completely redissolved upon further 
dilution and the addition of 5 cc. of concentrated hydrochloric 
acid. The solution was then diluted to the liter mark. No heat 
was necessary in making the solutions, a thorough shaking being 
sufficient to dissolve the tartar emetic in the tartaric acid. The 
strength of the solutions was determined by decinormal iodine 
solutions, containing 12.685 grams of iodine and 18 grams of 
potassium iodide to the liter. The iodine solutions were standard- 
ized by carefully prepared decinormal arsenite solutions, contain- 
ing exactly 4.95 grams of resublimed arsenious oxide, dissolved 
by the aid of 3 grams of pure potassium hydroxide or of 70 cc. of 
a saturated solution of acid potassium carbonate. For titration a 
few cubic centimeters of the saturated solution of acid potassium 
carbonate were added. 

From the recrystallized salt, R,, five different decinormal solu- 
tions were made, two in liter flasks and three in half-liter flasks. 

The solutions in Table I, division A, were made from the freshly 
precipitated crystals; those in B after the crystals, which were in 
fine condition, had stood several weeks. The experiments in A 
show that the finely crystalline tartar emetic was dried just to the 
point at which, if made up at once into decinormal solutions, it 
agreed exactly with the decinormal arsenite solution. After some 
weeks’ standing, though in a closed glass vessel, the preparation, 
as shown in B, had increased in the proportion of its antimony; - 
that is, had lost water of crystallization. 

Another recrystallization (R,) was made from another sample 
of the commercial salt (C,) and dried by exposure to the air. 
Decinormal solutions were made up at two different stages of the 
drying, and demonstrate the ease with which tartar emetic loses 
its water of crystallization. The crystals were exposed to sunlight 
for a very short time and then laid in the shade. After an hour 
and three-quarters the first decinormal solution was made up and 
titrated. The drying in the air was continued for about four 
hours, and a half-liter decinormal solution was made up and 
titrated. It is very obvious that after drying for an hour and 


‘ 
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three-quarters the tartar emetic was not completely dry, but that 
after six hours’ drying the fine crystals had lost some of their 
water of crystallization. 


TABLE I. 
Final volume, 125 cc. R, from C,. 
g M 3 Ly 
u 2 9 Ss : x | 
E 3. & of g Y 
o a g38 p. =] 
Fei 2o y Ss 2 
Ss d Ss S 3 8 % a 2 a FS 
eS a 3 Beg 8 dg 
“3 % si 9ss5 § «as 
93 2$ of 383 § &2 
Zz a Z x Hh ae Color. 
ce. cc. cc. cc. cc. 

A. (Two solutions made from the freshly recrystallized tartar emetic. ) 
C34 coe 50 49.28 5 I medium blue (purplish) 
(2) 50 ee 49.28 25 I ) I-liter deep blue 
( 3) 50 .- 49.29 25 1J flask medium blue (purplish) 
(4) -s 50 49.32 5 I medium blue 
(5) 50 oe 49.32 25 I \ 1/2-liter good blue 
( 6) 50 o- 49.30 25 flask good blue 
Caps: ae 50 49.31 5 I medium blue (purplish) 

B. segs solutions made after the crystals had stood several weeks. ) 
( 8) 50 49.60 25 1 1-liter flask good blue 
(9) §0 ** 49.60 25 1/2-liter good blue 
(10) 50 oe 49.58 25 15 flask good blue 
(II) 50 oe 49.60 25 I ) 1/2-liter good blue 
(12) 50 +. 49.60 25 1 § flask good blue 
TABLE II. 
Final volume, 125 cc. R, from C,. 
Z 3 Ly 
o 3 8s ; R| 
§ i he 5 v 
“ v oS 3 s 
4 = a2: 38 & 
&S 3 £28 3 3 Me 
3 F es § Se as 
83 SS 388 Og 23 gs 
Z Z a a <n 2B Color. 
ce. ce. ce. ce. 
(13) 50 49.23 25 I I 3/4 1-liter flask deep blue 
(14) 50 49.24 25 I oes See deep blue 
(15) 50 49.46 25 I 6 1/2-liter flask § deep blue 


For various reasons, the method of experimentation was 
changed to the following: Exactly 0.5 gram of tartar emetic was 
weighed out, dissolved in 50 cc. of water by the aid of 1 gram of 
tartaric acid and titrated by decinormal iodine, after the addition of 
25 cc. of a saturated solution of acid potassium carbonate. The 
first experiments were made with two samples of recrystallized 
tartar emetic and with two samples of commercial tartar emetic. 
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TABLE III. 
Final volume, 120 cc. 
3 tg 
= a6 q 
S & 2 3 5 
3 v Mo} 39 =} 
7) & 3 E % 3 
3 g Ee & 
b : bb 
E i 2 8 
fof Z £ £ a Color. 
Gram. ce, Gram ce. ce. 
’ 29.82 faint color 
(16) ~ ” { 29.85 , 75 . deep blue 
29.82 faint color 
R . 
(17) ’ as { 29.85 25 ' deep blue 
8 R 4 29 82 faint color 
(18) F a { 29.85 : 25 ; deep blue 
R. f 29.82 faint color 
(19) , oe \ 29.84 : 25 ‘ deep blue 
(20) R, 0.5 29.88 I 25 I very deep blue 
(21) R, 0.5 F 29.84 I 25 I medium blue 
(22) ony 0.5 30.38 I 25 I medium blue 
30.31 pale purple 
(23) “ { 30.34 : 25 , deep blue 
(24) Cc 0.5 30.38 I 25 I deep blue 
(25) Cc, 0.5 30.38 I 25 I deep blue 
26 C , 30.50 pale purple 
ss ’ ~ { 30.52 t 25 * deep blue 
(27) C, 0.5 30.44 I 25 I deep blue 


R,, of medium-sized crystals, though kept for several months, 
agreed with the freshly recrystallized tartar emetic R,. The two 
commercial samples appeared to have lost water of crystallization, 
or contained impurity, and C,, which was in fine powdery condi- 
tion, appeared to have lost more water than C,, which was in 
medium-sized crystals. A difference in the method of commercial 
preparation may have been responsible for this discrepancy. That 
recrystallization was necessary in order to make up a standard 
solution was evident. 

The effect of desiccators was next tried upon the recrystallized 
tartar emetic. A sample of R,, finely pulverized, was placed in a 
desiccator containing sulphuric acid and another sample of the 
same preparation was put in a vacuum desiccator over sulphuric 
acid. The action of the two desiccators seemed to be comparable 
in extent and rapidity, and by comparison with experiments (16), 
(17), and (18) it will be seen that there is a gradual and slow loss 
of water of crystallization. 
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TABLE IV. ‘ 
Final volume, 120 cc. R,. 
2 ed 
; 3 & ; os z 
g z : + & 3 
g g 3 Pi Ey 3 
“a > Z $3 
oe £ 2.5 £ 58 2 
& A Ss Zz & & : Color. 
Gram. ce. Gram. cc. ce. 
(In sulphuric acid desiccator. ) 
(28) 4 0.5 29.98 I 25 I deep blue 
(29) 7 0.5 30.01 I 25 I deep blue 
3°} 16 0.5 30.16 I 25 I medium blue 
31) 60 0.5 30.38 I 25 J pale blue 
(In vacuum desiccator. ) 
(32) 4 0.5 29.98 I 25 I deep blue 
(33) a 0.5 29.94 I 25 I deep blue 
N/1o arsenic tri- 
oxide solution. 
cc. 
(34) ae 50 49.31 we 5 I deep blue 


The hot air-bath was then resorted to with the most varied re- 
sults. Portions of R, and of C, and C, were heated in the air- 
bath. The two latter samples were taken to see whether the com- 
mercial salt could be reduced to anhydrous condition completely 
and agree with the recrystallized salt. The sample of R,, in ex- 
periment (35), was heated at 120° for an hour and between 120° 
and 95° for three hours. The same sample was then reheated 
with samples of the commercial preparations and with a fresh 
sample of R, at 104°-110° for two and one-half hours, 116°-130° 
for two hours, and 115°-110° for three hours. 


TABLE V. 
P J P css i} 
: 2). Soe 
FI = £ § 3 2g 8 = g 
oa ¢ = ar - oS 
ae ie Se” eee 
<n <h = Z & & D Color. 
Gram. ec Gram. cc. cc. 
(35) R, 4 95°-120° 0.5 30.42 I a5. tf deep blue 
(36) R, 11 1/2 95°-130° 0.5 30.41 I Mack deep blue 
(37) a ae a 0.5 30.40 I a deep blue 
(38) R, 71/2 104°-130° 0.5 31.10 I a5. 2 deep blue 
(39) a $s +5 0.5 31.30 I a5 I deep blue 
(40) C, 71/2 104°-130° oo. 31.00 I 25 1 medium blue 
(purplish ) 
(41) oe ip od 05 3080 I 25 I medium blue 
(purplish) 
42) C, 71/2 1049-130° 0.5 30.50 I 25 -I deep blue 
(43) +. + . 0.5 30.53 I es deep blue 
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» The reheated sample, (36) and (37), was not changed by the 
second heating, but lost considerable water by the first heating. 
It stood in a desiccator between the two periods of heating. The 
fresh sample of the same preparation, (38) and. (39), lost most 
heavily of all, and was closely followed by the more crystalline 
commercial sample C,, (40) and (41), which had been powdered 
before heating. The finely powdered commercial sample C,, (42) 
and (43), lost but little water. 

The sample C, which had now been heated already seven and 
one-half hours from 104° to 130° was reheated for three hours at 
160°-165°, and a fresh sample of R, was heated at 160°-165° for 
two hours. Again the fresh sample lost more water than the 
sample previously heated. 


TABLE VI. 
Final volume, 120 cc. 
: ia 
3 g 3 Be 8 
= © g g 83 3 
4 a§ 5 3 Z ge & 
' 4 ‘sh Ss. ¢ 3 i. 
et es ee | ie 
<n <h f Z & & & Color. 
Gram. ce. Gram. cc. ce, 
(44) GC, 01/2 104°%165° 05 31.86 1 25 4 _ deep blue 
(45) -- ae 0.5 31.70 I 25 +. deep blue 
(46) o: 2 160°-165° 05 31.96 1 25 #j%&- deep blue 
(47) + . . 0.5 31.91 1 25 +4 deep blue 


A still greater loss of water is evident in these experiments, and 
in this table, as well as in experiments (38) to (41) inclusive, in 
Table V, the discrepancy between the duplicates was due to the 
difficulty of weighing the portions exactly, since the dried tartar 
emetic took up moisture so rapidly on the balance. 

In Table VII the molecular weights of tartar emetic are given, 
calculated from the amounts of antimony present as shown by the 
iodometric titration of the preceding experiments. The deci- 
normal arsenite solution was taken as standard. 

A study of the preceding tables in the light thrown upon them 
by Table VII leads to some interesting results. The molecular 
weights run in a series from that of crystalline tartar emetic down 
almost to the theoretical state in which the crystalline salt has lost 
1.5 molecules of water, passing through all intermediate stages, 
but never surely resting at any one spot. Two important stages 
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TABLE VII. 


49.29 cc. (absolute amount) of N/Io iodine solution = 50 cc. of N/Io arsenic 
trioxide solution. 


8 Niio iodine solu- 
tion. 


49.2 
49.56 
49.58 


Tartar emetic. 


Gram. 

(16) to (19), (21) 0.5 
(28) and (32) 0.5 
(29) 0.5 

(30) 0.5 

(23) 0.5 

(22), (24), and (25) 0.5 
Average (35) to (37) 0.5 
(27) 0.5 

(26), (42) 0.5 

(43) 0.5 

(41) 0.5 

(40) 0.5 

(38) 0.5 

(39) {*s 

(45) 0.5 

(44) 0.5 

(47) 0.5 

(46) a 


29.82 
29-95 
29.98 
30.13 
30.30 
30.35 
30.38 
30.41 
39.49 
30.51 
39.77 
30-97 
31.07 
31.27 


31.67 
31.83 
31.88 
31.93 


Molecular weight. 
Antimony. 
Remarks. 


Per cent. 
332.15 36.13 
330.34 cece 
330.21 36.35 
330.58 
329.13 
328.77 
327.15 
325.38 
324.85 
324.50 
324.15 
323.28 
323-15 
320.34 
318.30 
317.29 
315.29 
314.15 


37-14 (anhydrous) 


(1/2 H,O an- 
hydride) 
311.36 
309.76 
309.28 
308.80 
305.15 (H,O anhy- 
dride—all hydroxyls gone) 


are reached: when all the water of crystallization is gone, the 
anhydrous state, and when 0.5 molecule of water further has been 


lost, the first anhydride stage. 


The greatest error met with in 


the recrystallized tartar emetic, if air-dried, is about 0.2+ per 
cent., calculated on the ratio of antimony to tartar emetic, and that 
after standing in fine condition in a closed bottle for several weeks. 
After standing for about two weeks in a sulphuric acid desiccator 
the finely recrystallized tartar emetic lost almost exactly one-half 
of its water of crystallization, and after two months almost all of 
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its water of crystallization. The commercial salt (C,) had but 
little water of crystallization and lost it all upon heating in the 
air-bath, but went no further even at the temperature of 130°. 
Though heated at 95°-120° for four hours, the recrystallized salt 
(R,) failed to lose all of its water of crystallization, and reheating 
for seven and a half hours at 104°-130° failed to produce any 
further loss. Especially interesting are the results of heating the 
‘fresh samples at the higher temperatures. Between 120° and 130° 
R, and C, (in crystalline form) lost water beyond the anhydrous 
state and approached the anhydride (KSbOC,H,O, — 4%4H,O). 
Upon heating at the temperature 160°-165°, the same preparations 
lost yet more water and approached the state of a double anhydride 
in which all the hydroxyls were gone (KSbOC,H,O, — H,O). 
The anhydride state was also indicated by the readiness of the 
salts, after such heating, to take up water again while on the 
balance. Both of these anhydrides have been previously obtained. 

Liebig’ states that, according to Dulk, Wallquist, and Brandes, 
and in accordance with his own experiments, tartar emetic loses its 
water of crystallization at 100°. By careful heating to 300° he 
caused tartar emetic to lose, without charring, 1 molecule of water. 
Dumas and Piria? established the fact that tartar emetic contains 
0.5 molecule of water of crystallization to the accepted empirical 
formula. Their analyses were very close. They also heated tar- 
tar emetic to a high temperature. In an oil-bath it became 
brownish at 235°-240°; at 220° it was still white. They gave 
the following double formula: (C,H,O,)..(SbO),.K,.H,O; at 
100° (C,H,O,),.(SbO),.K,; at 220° (C,H,O,),.(SbO),.K,. Ber- 
lin® states that at 100° in a stream of dry air tartar emetic loses 
two-thirds of its water of crystallization very easily, but the rest 
with difficulty ; that at a temperature slightly over 100° the body 
changes, losing 0.5 molecule of water at 160°-180° or by longer 
heating at 130° ; that another half molecule of water goes at 200°- 
220°, making the formula now C,H,O,.SbO.K. 

A series of experiments was now made to reach the desired end 
by alcoholic precipitation. A concentrated, yet not saturated, 
solution of tartar emetic was made in boiling water and filtered 
into about an equal volume of 95 per cent. alcohol. The tartar 


1 Ann. Chem. (Liebig), 26, 132. 
2 Jbid., 44, &5. 
8 Jbid., 64, 359. 





ut 


he 


“of 
alt 








STANDARD TARTAR EMETIC. : 837 


emetic was precipitated as soon as it reached the alcohol and was 
frequently stirred. It was then filtered by suction, kept under 
suction for from five to ten minutes, and air-dried. The product 
was a very fine white fluffy powder. Four such recrystallizations 
were made at first (R,, R,, R,, and R,) and dried for different 
lengths of time in the air. Half-gram portions were weighed out, 
dissolved in 1 gram of tartaric acid, and titrated by decinormal 
iodine, as in the previous experiments. The results are given in 
Table VIII. 


TABLE VIII. 
Ce | aoe, | 
, £2 a ee 
5 7. a. Rie, as) 
z vE ie SRS eee 
3 oP oP PP g 
59d EG a 83 § 82 § S 
<= <u a 4 Be B a Color. 
Gram. ec. Gram. cc. cc. 
(48) Ry, § 25°-30° 0.5 30.09 I 25 1 328.41 medium blue 
(49) Rs 31/2 18°-19° 0.5 29.82 1 25 I 331.44 medium blue 
(50) Rg, 23/4 18°-19° 0.5 29.84 1 25 I 331.20 medium blue 
(51) R, 21/4 18°-19° 0.5 29.73 I 25 I 332.43 medium blue 
Niro arsenic trioxide. 
cc. 
(52) oe. G08 oe 50 49.40 ++ 5 I «ees good blue 


The iodine solution had stood unused for about a month and had 
grown weaker ; hence the new standard was used in determining 
the molecular weights. The tartar emetic precipitated by alcohol, 
though containing water of crystallization, was in such fine condi- 
tion that it lost some of its water of crystallization readily in the 
air, or else had been precipitated by the alcohol with an incomplete 
amount of water of crystallization. The influence of time upon 
the results of air-drying is prominent. R,, R,, and R, came, how- 
ever, so near to the theory that another preparation (R,) was 
made very carefully as follows: 

A fairly concentrated solution of tartar emetic in 250-300 cc. of 
boiling water was filtered into 400 cc. of 95 per cent. alcohol, and 
the precipitate was filtered off by suction, washed twice by 95 per 
cent. alcohol, kept under good suction for fifteen minutes longer, 
and air-dried two and a half hours at 19°-20°. A half liter of 
decinormal tartar emetic solution was made up at once and 


titrated. 
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TABLE IX. 
Rj. 
¢ E 3 | ae 
5 3 Cs § 
7} | 3 — 
. wd ¥ as 3 
Sa ay = 2% ES 
= ga % sy & 
Ss & i BS x 
Es Sy g ae g 
£3 £z £3 £23 a 
Z Z Zz a a Color. 
, ce. ce. cc. ce cc, 
(53) 50 49.50 25 I medium blue 
(54) 50 o. 49.50 25 I medium blue 
(55) oe 50 49.40 5 I deep blue 
(56) * One-half gram of the tartar emetic, dissolved in tartaric acid as 
above and titrated, took 29.80 cc. of decinormal iodine solu- 
tion. 


The agreement between the arsenic and tartar emetic standards 
was fairly good, but hardly close enough to warrant the use of 
this mode of preparing tartar emetic for standardizing purposes. 
As the tartar emetic in this exceedingly fine form gave uniform 
results and was so ready to lose its water of crystallization, it was 
tried in the air-bath under closely regulated conditions. 


TABLE X. 
“. ve) 
¢ a.) eae 3 
: z = = @g8 2 % 
‘oe ioe tee eae 
<i <h # Z Moe ae Color. 
Gram. ec. Grain. ce. ce. 
(57) R, 5 94°- 99° 0.5 30.44 I 25 I 324.67 deep blue 
(58) R,; 5 94° 99° 0.5 30.41 I 25 I evees deep blue 
(59) Re 5 94°- 99° 0.5 30.44 I 25 I 324.67 deep blue 
(60) R, 5 94° 99° 0.5 30.48 I 25 I eeeee deep blue 
(61) R, 3. 96°- 99° 0.5 30.44 I 25 I 324.67 deep blue 
N/1o arsenic trioxide. 
(62) + o *- 50 49.42 -- 5 I eeeee deep blue 
Tartar emetic. 
Gram, 
(63) Ry 7 97°-103° 0.5 30.49 IT 25 I sees deep blue 
(64) R,; «+ os 0.5 30.47.11 25 I eevee deep blue 
(65) R, 0.5 30.48 I 25 I -324.19 deep blue 


(66) R,, R;, Rg, R, 
(mixture) { 5 94°- 99° 0.5 30.48 I 25 I 324.19 deep blue 
97°-103° 
(67) R»* 3 97°-103° 0.5 30.48 I 25 I 324.19 deep blue 
* Stood in absolute alcohol for twenty-four hours, then was filtered and air-dried. 
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3 88s 
g g a ae ts 
| oe oe eS OE 
¢ #6 § & gist | 
* Se: 2 FI 
a ae oe 
<n <h & Z BR & 2 = Color. 
Gram. cc. Gram.cc. cc. 
(68) R,* .- ae 0.5 30.28 I 25 I ceeee deep blue 
N/1o arsenic trioxide. 
Cc 
(69) ee oe oe 50 49.39 -»+ 5 I. eevee deep blue 
Tartar emetic. 
(70) R, 3 103°-II0° 0.5 30.43 I 25 I eeee- deep blue 
(71) R; 3 103°-I10° 0.5 30.43 I 25 I ceess deep blue 
(72) R, 7 I12°115° 0.5 30.50 I 25 I ceees deep blue 
(73) R; 7 I12%115° 0.5 30.46 I 25 I eeee- deep blue 
(74) Ry 5-5 114°-121° 0.5 30.48 I 25 I 324.19 deep blue 
(75) R,; 5-5 114°-121° 0.5 30.47 I 25 I cece deep blue 
(76) R, 6 128°-130° 0.5 30.97 I 25 I 319.06 deep blue 
(77) R, 6 128°-130° 0.5 30.57 I 25 U 323.24 deep blue 


(78) R,, R;, Re, R, 
(mixture) {72 94°-103° 0.5 30.54 I 25 I 323.55 medium blue 


8 120° 
(79) R, 8 120° 0.5 30.47 1 25 I cesses medium blue 
N/1o arsenic trioxide. 
ce. 
(80) + . *e 50 49.61 -- 5 I evece medium blue 
Tartar emetic. 
Gram. 


(81) R, fa “naa 0.5 30.70 I 25 I 323.31 deep blue 
(82) R { 8 ved : O.§- 30:57 F 25 1 ese deep blue 
14 115°-125 
(83) Ry, Rs, Re, R; 
I2 94°-103° 0.5 30.56 I 25 I cesses deep blue 
(mixture) | 8 120° 
14 115°-125° 
From three to five hours’ drying at 94°-99° failed to dry the 
tartar emetic completely to the anhydrous state (323.15). The 
experiments (63) to (75), made at temperatures varying about 5° 
from 100° to 125°, carried the drying slightly further, but still the 
molecular weight of tartar emetic was a unit too high for the 
anhydrous condition. Experiment (68) shows the effect of abso- 
lute alcohol upon the water of crystallization in twenty-four hours. 
In (67) this same preparation lost in three hours in the air-bath 
about the same amount of water as the others in a longer time: 


* Stood in absolute alcohol for twenty-four hours, then was filtered and air-dried. 
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In (66) the portions heated in (57) to (61) were reheated, making 
twelve hours of total heating. This same mixture was again re- 
heated in (78) and (83). In (73) the tartar emetic became almost 
entirely anhydrous according to theory, but this temperature, 128°- 
130°, is on the danger line, since in the duplicate experiment, (76), 
the tartar emetic passed slightly beyond the anhydrous condition 
to that of an anhydride. Experiments (78) to (83) show the 
effect of long heating at 115°-125°. In (78) to (81) the portions 
were almost anhydrous, but the other samples fell short. The dif- 
ference between the readings in experiments (81) to (83) and 
those of the preceding experiments was due to the use of a new 
decinormal iodine solution. Since in these last experiments 
twenty-two to thirty-four hours’ drying at 115°-125° failed to 
bring uniform and sufficiently exact results, it is hardly possible to 
make up standard decinormal tartar emetic solutions from the 
product obtained by drying in the air-bath, and the method of pre- 
cipitation ~by alcohol yields the most susceptible form of tartar 
emetic for this purpose. This conclusion is exemplified in Table 
XI. A decinormal solution of tartar emetic was made up in a 

500 cc. flask from a mixture of the products in experiments (57) 

to (61) and another from the products dried at 100°-120°. These 

solutions were made on a basis of 323.15 (molecular weight of 

anhydrous tartar emetic) 7. ¢., 16.1575 grams per liter. 


TABLE XI. 
r-) cS 3 ee 
3 3 55 F 
v E = 3 8 
: M ¢ &5 3 
& bb € 3 Ey 8 
=] & t =e 
a5 = er & 3 is 
Es ° °.o £9 = 
i Z z e* 3 
ce. cc. ce. cc. Color. 
(84) 94°- 99° 50 49.15 25 I medium blue 
(85) 100°—120° 50 49.19 25 I medium blue 


If in experiment (84) the value of 49.15 be taken as standard, 
then the molecular weight for 30.41, absolute decinormal iodine 
value obtained for 0.5 gram of this preparation in experiments 
(57) to (61), is 332.08. Therefore the decinormal solution 
agreed with the half-gram values, but both were too low as the 
decinormal arsenite standard of the iodine solution was 49.40. 
The portion dried at 100°-120° likewise fell short of the arsenite 
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standard, which was made certain by two separately prepared 
decinormal arsenite solutions. 

The effect of drying in a sulphuric acid desiccator was also tried 
upon the product precipitated by alcohol. The last traces of water 
of crystallization appear to be exceedingly difficult to drive out. 


TABLE XII. 
: 3 seo. 
g J : zs 8 o 
2 3 y 3 a3 = 2 
vu = SI 
% g 3 e ge & 3 
ont ee ms Cc = x = 
vs 8 § a as o g 
He  & £3 5 38 «gs 3 
BA H Z = & a a Color. 
Gram. ce, Gram. . ce. 
(86) 2 0.5 30.1 I 25 I eeeee medium blue 
(87) 5 0.5 30.35 I 25 Fe ‘Seees deep blue 
(88) 9 0.5 30.40 I 25 ie. 2 eee deep blue 
(89) 18 0.5 30.46 I 25 ; rr medium blue 
(90) 25 0.5 30.48 I 25 I 324.19 medium blue 


As a last resource, the tartar emetic was recrystallized in 
medium-sized crystals, and air-dried. It will be remembered that 
the first recrystallization was made in this manner and that 
medium-sized crystals showed far less tendency to lose water of 
crystallization than the finely crystallized product. Four prepara- 
tions were made up, two apiece from two commercial samples, and 
upon two different days. In about 300 co. of boiling water 
enough tartar emetic was dissolved to make a concentrated, 
but not saturated, solution, which was filtered into flat crystallizing 
dishes and allowed to crystallize over night. The crystallization 
should not be too rapid. The crystals were filtered off by suc- 
tion, washed twice with distilled water, and kept under suction 
for about five to ten minutes additional. They were then air- 
dried from one and a half to four hours at a room temperature of © 
19°-24°. The air was clear and dry. The crystals were pulver- 
ized and decinormal solutions made up in the usual manner in a 
half-liter flask. 

These results, as close as could reasonably be expected, are 
given just as they came. No inferior experiments have been 
omitted. It is possible, by working with care, to make up deci- 
normal tartar emetic solutions agreeing with decinormal arsenite 
by recrystallizing the tartar emetic slowly in medium-sized crys- 
tals, 1/,, to?/, of an inch in size, washing well with distilled water, 
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TABLE XIII. 
3 MI 3 Hs 
s 2 3 | oe 
‘ade Ge ae 
3 8: #8 & + 
z tE ts ¢s 8 sg 8 
Sai 2.) e.-e. Pe $4 és 
3s v Fal os (Of of 3 4 
5S SS 88 83 383 & 4 
<x <2 &% & Z & a Color. 
cc. ce. ce. c¢. ec, 
; (From C,.) 
(91) Ry «1/2 19°24° 50 «- 49.32 25 I medium blue 
(92) Ry 4 19°-24° 50 -«. 49.42 25 I medium blue 
(93) Ry 21/2 19°-24° 50 «- 49.43 25 I medium blue 
(94) °- a = ++ 50 49.43 5 I medium blue 
(From C,.) 
(95) Ru 3  19°-24° §0 + 4958 25 I deep blue 


(96) Ry, 4 19°-24° 50 -. 49.58 25 1 medium blue 
(97) ss + ee 50 49.61 5 1 medium blue 
removing most of the moisture by about ten minutes’ good suc- 
tion, and air-drying from two and a half to four hours. The 
crystals should not lie exposed to the air for many hours after they 
are dry, and for exact work should be freshly prepared. On a 
damp day it might take longer to dry them than the time given 
above, but heat should never be used. The laboratory tempera- 
ture should not range above 25° and should be preferably lower. 
The crystals in the above preparations were considered dry when 
they showed not the slightest tendency to cling to a glass rod and 
were left exposed for an hour or two longer to make certain. 

It has already been suggested that the antimony in tartar emetic 
is not attached to the carboxyl end of tartaric acid but to the alco- 
holic end. Clarke and Stallo,’ in 1880, opposed the idea that the 
group (—Sb=O) existed in tartar emetic and suggested that 
_ tartar emetic was a salt of SbO,H,;. They gave the formula 


sb { ay 0. for tartaric emetic. Clarke and Evans’ found it diffi- 


cult to obtain distinct products of tartaric acid and antimonious 
acid, and suggested the possible existence of a row of salts. 


C,H,0,.H C,H,0,.H C,H,0,.H 
I. Sb—OH Il. Sb—C,H,0,.H III. Sb—-C,H0,.H 
Nou Nox \c.H,0,.H 


1 Ber. d. chem. Ges., 13, 1788-1796. 
2 Jbid., 16, 2379-2387. 
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Sb = C,H,O, Sb = C,H,0, Sb = C,H0, 
IV. yo v. CHO, VI. CHO, 
sb=0 sb =0 sb = CHO, 


They thought they obtained in definite condition III, V, and VI, 
and apparently II. They changed the earlier published formula 
of tartar emetic to 
Sb—C,H,O, K 
O O , 
Sb—C,H,0,.K 
However, they make no distinct remark as to whether antimony is 
joined to the carboxyl or hydroxyl end of tartaric acid, but the idea 
of the acid function of antimony suggests the latter linking. 
Duve,’ in 1869, claimed that boric acid united at the hydroxyl end 
of salts of tartaric acid. He believed that he separated the three 
following bodies: 


KCO,—CH.BO, KCO,—CH.BO, KCO,—CH.BO, 


HCO,—CH.OH KCO,—CH.OH KCO,—CH.BO, 
Adam? gives several reasons for believing that antimony plays the 
part of an acid and not of a base in tartar emetic. Of these the 
following seem to be of the greatest weight. 

First. Bodies analogous to antimonious oxide react with alco- 
holic hydroxyls of organic bodies, e. g., C,H,O,Na,(BoO), noted 
by Duve, and sodium borosalicylate described by himself. 
- Sodium lactate reacts with boric acid, with antimonious oxide, 
and with arsenious oxide; potassium bimalate with boric acid, 
and with antimonious oxide; and Rochelle salt with one or two 
molecules of boric acid. 

Second. Only those acids which possess a phenol or alcoholic 
function combine with .antimonious oxide, boric acid, etc. He, 
himself, established the fact that oxalic acid, phthalic acid, and 
their salts do not combine with boric acid. 

Third. As a rule the free organic acid does not react with these 
bodies. ‘Tartaric acid and antimonious oxide are an exception to 
this rule, however, as they do form unstable bodies. Klein*® 
showed that boric acid combines with salts of mucic acid and of 


1 Jsb. d. Chem. (1869), P. 540. 
2 Compt. rend., 118, 1273. 
8 Compt. rend., 96, 1802 and 97, 1437. 
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saccharic acid, but not with the free acid. He himsel‘t noted 
inaction between salicylic acid and boric acid. 

Fourth. Only organic salts or acids with a free hydroxyl group 
prevent the precipitation of ferric hydroxide by potassium hydrox- 
ide, e. g., lactic acid, malic acid, tartaric acid, salicylic acid, but not 
sodium borosalicylate. Monoborotartrate also prevents precipita- 
tion. 

Fifth. Upon adding alkali, acid potassium carbonate, to tartar 
emetic heat is given off at once, but antimonious oxide is but 
gradually and slowly precipitated. 

Henderson and Ewing,’ in 1895, prepared various salts of 
arsenious oxide and tartaric acid and studied the action of 
arsenious oxide and antimonious oxide on citric, malic, lactic, and 
mucic acids. ‘They also came to the conclusion that the antimony] 
group (—Sb=O) displaces a hydroxyl group, but thought that 
the bodies formed were derivatives of antimonious acid as Clarke 
and Stallo* suggested. They found that compounds of arsenious 
oxide or of antimonious oxide with citric acid, or with malic acid, 
which contain one hydroxyl group were composed of 1 atom of 
arsenic or of antimony to 2 molecules of the acid, that tartaric acid 
and mucic acid, having two and four hydroxyls respectively, com- 
bined in the ratio of 1 molecule of acid to 1 atom of antimony or of 
arsenic. They suggested the following formulas: 


CH,.CH—O—Sb—O—CH.CH, iedisk, curs elas: rian 


COOH é boost coon.tis CH,.COOH — 
th th 
Antimoniolactic acid. Antimoniomalic acid. 
COOH.CH, CH,.COOH 
COOH.G—O—Sb—O—C.COOH 
COOH.CH, bu..cooH 
th 


Antimoniocitric acid. 


1 J. Chem. Soc. (london), 67, 102-108 and 1030-1040. 
® Loc. cit. 
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COOH.CH(OH).CH.O. 
sb—0—H 
COOH.CH(OH).CH.O 


Antimoniomucic acid. 


COOH.CH.O 
| Sb—O—H. 
COOH.CH.O: 


Antimoniotartaric acid. 

Their last formula, applied to tartar emetic, would not, how- 
ever, explain the union of that water in the compound which is 
ordinarily called the water of crystallization. I would suggest for 
crystalline tartar emetic the double formula: 


K—O—CO—CH—O—H 


| 
H—O—CO—CH—O—Sb—O—H 
— 
H—O—CO—CH—O—Sb—O—H 


K—O—CO—CH—O—H 
(Molecular weight = [332.15]. ) 
Tartaric acid forms an anhydride at 150°. The low temperature 
at which tartar emetic in the preceding experiments, and in 
accordance with the authors cited, lost 0.5 molecule of water 
between 130° and 160° would appear to be better explained by the 
formation of a tartar emetic anhydride than by a dehydration of 
the alcoholic groups according to the classic formula, or by such an 


action as Schiff,’ represents in the formula COOK.C,H,O,=Sb. 
| more 


CO, 
Schiff? calls tartaric acid tetrabasic. ‘ 
The various steps of dehydration of tartar emetic from the 
crystalline state, according to the formula proposed, might be 
represented as follows: 


K—CO,—CH—O—H 
Repel aoe 
H—O—CO—CH—O—Sb—0 / —H' 


Oo< y acs 
H—O—CO—CH—-O— Sb,“ —O—Hi 
err 5a 
K—CO,—CH—O-—-H 
(Molecular weight = [332.15]s.) 
(Tartar emetic, crystalline. ) 


1 Beilstein’s ‘‘ Handbuch,”’’ Vol. I, p. 794. line 3. 
2 Compt. rend., §§, 511. 











846 F. E. HALE. 


eee 


\O—CO—CH—O— Sb 
O< >0+ H,O = 
H-o-\ ,CO —CH—O—Sb 


| 
K—CO,—CH—O—H . 
(Molecular weight = [323.15]. ) 
(Tartar emetic, anhydrous. ) 


CO—CH—O—Sb 
Oo< O< >0O:+ 2H,O = 
ee 
K—CO,—CH—O—H ~~’ 
(Molecular weight = (314 T5]o-) 
(Tartar emetic, anhydride. ) 





K—CO,--CH 





CO—CH—O—Sb 
O< >0 O + 3H,0. 
eth an 
K—CO,—CH 


(Molecular weight = [305.15]. ) 
(Tartar emetic, double anhydride. ) 


The last reaction may be even better represented by doubling 


the equation and forming an anhydride between four molecules 
thus: 


. 


ti ici ails camel Micieats weer sealant 


O | | 
°O O—Sb< >Sb—O O 
5 Be O pe 
2:¢ 25 
P|: O oe 
te O——Sb< | 0] 
i } O 


K—O—CO—CH— eee a CcoO—O—K 


It is also possible that a lactone may form from the anhydrous 
salt instead of the further dehydration in steps thus: 
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OH 
SE Bop er TTP 
‘nteue Ta) ee K—O—c—C 
\i—o—c—c+0— wets | 
iO o pd LG —O-O88 
0: BoA \ bed D dhiig: 4 2H,0. 
O O O H O O 
OH \, v3 OB Keine 
lias Bal ll | bas 
/H!—O--C—C—O—Sb O—C—C—O—Sb 
| K-0e>¢ 
K—O—C—C— 0—H: _ l 
ft 
i OH OH 
(Molecular weight [323.15]..) (Molecular weight [305.15].-) 
(Tartar emetic, anhydrous. ) (Tartar emetic, lactone. ) 


SUMMARY. 


It has been shown that the discrepancy between tartar emetic 
and arsenious oxide solutions lies in the ready tendency of the 
tartar emetic to lose its water of crystallization. [f in fine crystal- 
line or powdery form, tartar emetic loses its water of crystalliza- 
tion slowly in the air, mofe rapidly over sulphuric acid in an 
ordinary or vacuum desiccator, and somewhat upon standing in 
closed bottles; at a temperature of 128°-130°, it begins to form 
an anhydride losing one-half molecule of water; at 160°- 
165° it loses another molecule of water and becomes doubly 
anhydride. The formation of these anhydrides seems best ex- 
plained structurally by attaching the antimony to the hydroxyl 
rather than to the carboxyl end of tartar emetic. If tartar emetic 
be recrystallized in medium-sized crystals, filtered, washed two or 
three times with distilled water, drained under suction for from 
five to ten minutes, and exposed at a temperature not exceeding 
25° for a period of from three to four hours to the action of a dry 
atmosphere, decinormal solutions of the salt thus freshly prepared 

. will correspond exactly to decinormal solutions of arsenious oxide. 


THE KENT CHEMICAL LABORATORY 
OF YALE UNIVERSITY. 











PHOTOMETRIC DETERMINATION OF IRON. 


By J. I. D. HINDS AND MyRTIS LOUISE CULLUM. 
Received May 24, 1902. 


THE present investigation was undertaken for the purpose of 
ascertaining whether the photometric method was applicable to 
colored precipitates. 

Solutions of iron of various degrees of dilution were prepared 
and their strength accurately determined gravimetrically. The 
iron was precipitated with potassium ferrocyanide. Ferric nitrate, 
sulphate and chloride were found to give practically the same re- 
sults. In all the solutions nitric acid was present, though never 
more than to the extent of 1 per cent. This was in order to insure 
that the iron was in the ferric condition. 

As in the previous investigations,’ a common candle was used 
with the simple photometric cylinder. The more accurate instru- 
ment suggested by Professor D. D. Jackson? was not at our com- 
mand. The work was carried on in the diffused light of the 
laboratory, but the cylinder was protected by the hand and body 
against any glare of light from the windows. 

Preliminary tests with the solid ferrocyanide showed that con- 
stant readings could not be obtained. The reading was found to 
be a function of the amount of the ferrocyanide added. This 
is because the ferric ferrocyanide precipitate is soluble in an 
excess both of the iron and ferrocyanide solutions. We therefore 
made a 5 per cent. solution of the potassium ferrocyanide and used 
it from a burette. On adding this drop by drop to a ferric solution, 
there first appears a blue color, then a coarse precipitate which pres- 
ently breaks up into a fine state of division and finally dissolves. The 
greatest opacity and therefore the lowest photometric reading 
occurs just when the precipitate begins to break up. This point is 
reached when the amount of ferrocyanide bears to that of the iron 
present about the proportion of its molecular weight to the atomic 
weight of iron; or when the ferrocyanide is a little in excess of the 
amount necessary to convert the iron into Prussian blue. For 
example, a solution which contained 0.0054 gram of iron required 
0.7 cc. of the 5 per cent. ferrocyanide solution, or 0.035 gram 


1 This Journal, 18, 661. 
2 Ibid., 23, 799. 
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potassium ferrocyanide. These numbers are in the proportion of 
54 to 350 or 56 (atomic weight of iron) to 366 (molecular weight 
of potassium ferrocyanide 368). 

It was found that at the point of maximum opacity, or where 
the reading had a minimum value, constant conditions and constant 
readings could be obtained. The following method was then 
adopted: ‘The solution whose strength was to be determined was 
placed in a lipped beaker in quantity sufficient to fill the photometer 
to the required height, and the ferrocyanide added, drop by drop, 
until the precipitate just appeared. The solution was thoroughly 
mixed by pouring back and forth, and the reading taken. Another 
drop of the ferrocyanide was added and another reading taken 
(which should be lower than the first one). This process was 
continued until a minimum was obtained and the readings began to 
rise again. The lowest reading was the one adopted. 

With a little practice only four or five readings are necessary to 
find the minimum, which is the easier to detect because the opacity 
near the minimum remains nearly the same for two or three 
readings. 

An example and diagram will illustrate the peculiar action under 
consideration. 


ce. ce, cc, ce. ce. ce. ce. ce. ce, 
Ferrocyanide used.--- 0.4 05 06 07 O08 O99 1.0 I.I 1.2 
cm. cm, cm, cm, cm. cm, cm, cm. cm. 
Photometer readings-. 4.4 3.6 3.0 2.7 2.5 2.5 3.0 3.7 4.3 


5 








ROLE [SE FS 


It appears that the ascending arm of the curve is nearly a 
straight line and rises at an angle a little higher than that of the 
descending arm. é 

A series of determinations was made and each was tested by 
numerous readings. In the first column of the table which follows 
is given the number of the solution ; in the second its real strength 
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in per cent. of iron or grams in 100 cc.; in the third is the photo- 
metric reading; in the fourth is the product of the reading and 
strength ; in the fifth is the strength computed from the first equa- 
tion determined below; in the sixth the difference between the 
computed and real strength; in the seventh the strength as com- 
puted from the second equation; and in the eighth the difference 
between this and the real strength. 


Strength. Read- 
y=percent. ing. — 703027 —Ss«éDiffer- omen... Differ- 
Fe. x. xy. x —0.28 ence. ’ €—0.375 ence. 
0.01153 2.9 0.03344 0.01155 0.00002 0.01170 0.00017 
0.00864 3.8 0.03283 0.00859 9.00005 0.00863 0.00001 
0.00757 4.3 0.03255 0.00753 + 0.00004_—s-:0.00754 =: 0.00003 
0.00692 4.7 0.03252 0.00685 0.00007 0.00683 0.00009 
0.00606 5-3 0.03212 0.00603 0.00003 0.00600 0.00006 
0.00528 6.0 0.03168 0.00529 O0.0000I 0.00525 0.00003 
0.00470 6.7 0.03149 0.00471 0.00001 0.00467 0.00003 
0.00422 7.4 0.03123 0.00425 0.00003 0.0042I 0.00001 
0.00379 8.1 0.03070 0.00387. 0.00008 0.00383 0.00004 
0.00352 8.7 0.03062 0.00359 0.00007 0.00355 0.00003 
0.00313 9.7 0.03036 0.00321 0.00008 0.00317 0.00004 





Z 
° 


OW ONAN RW ND 4 


- me 
~ 


Assuming the equation of the hyperbola ry + by = a in which 
x represents the photometric reading and y the strength of the 
solution, and forming the observation and normal equations and 
solving for the constants we obtain the equation 


, 0.03027 
ales pene 

Twenty-two sets of observations, including readings from 1.7 
cm. to 10.7 cm., were used in the computation of this equation and 
its efficiency may be judged by the numbers in the first column of 
differences in the table above. 

The readings below 3 cm. and above 9 cm. were found to be 
' rather uncertain. Rejecting these and some others which seemed 
to be a little inconsistent with the general series and using only the 
eleven found in the table, we obtain the equation 


__ 0.02955 

%—0.375, 

The values computed from this equation are found in the 
seventh column, and in the eighth column are the differences be- 
tween these values and the real strengths of the solutions. These 
differences run a little more regularly than those in the sixth 
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column, but practically one is about as good as the other. They 
all show that the values computed from either equation are true to 
the fourth decimal-place of per cent., or to parts in 1,000,000. 
Using the numbers from 2 to 12 for the probable error of one de- 
termination, we find, n being the number of equations, g the num- 
ber of variables, and wv the differences, 
=v af ee 
7 = 0.69654 ae 
n—q 10 — 2 
or three parts in 10,000,000. 

This method is applicable to all mixed solutions of iron contain- 
ing no metal which is precipitated with potassium ferrocyanide, 
such as cobalt, nickel, manganese, etc. In the analysis of phos- 
phates and fertilizers the iron may be determined in the solution 
made for the determinatien of phosphorus. It may be necessary 
to dilute the solution if the iron is present in considerable quantity. 
The following is an example: 

Amount taken: 0.3988 gram phosphate rock, which was dis- 
solved in nitric and hydrochloric acids and made up to 200 cc. 

Photometric reading was 6.5 cm., corresponding to 0.00489 per 
cent. iron. 200 cc. therefore contained 0.00972 gram iron. Of 
the 0.3988 gram rock, this is 2.45 per cent. 





= 0.000034, 


TABLE FOR PHOTOMETRIC DETERMINATION OF IRON. 








Per cent. of iron. Per cent. of iron. Per cent. of iron. 
cm. w= -0:03087 cm. _ 0.03027 cm. __ 0.03027 
#. ” #£—=—0.28° x. x — 0.28" %. x—0.2° 
2.0 0.01759 3.8 0.00859 5.6 0.00569 
Be 0.01663 3-9 0.00836 5-7 0.00558 
2.9 0.01576 4.0 0.00814 5.8 0.00548 
a8 0.01499 4.1 0.00792 5.9 0.00539 
2.4 0.01428 4.2 0.00775 6.0 0.00528 
2.5 0.01363 4-3 0.00753 6.1 0.00520 
2.6 0.01305 4.4 Q.00732 6.2 0.00511 
2:9 0.01251 4.5 0.00717 6.3 0.00503 
2.8 0.01201 4.6 0.00701 6.4 0.00495 
2.9 0.01155 4-7 0.00685 6.5 0.00487 
3.0 0.01113 4.8 0.00670 6.6 0.00479 
ae 0.01073 4-9 0.00655 6.7 0.00472 
3.2 0.01036 5.0 0.00641 6.8 0.00464 
23 0.01002 5.1 0.00628 6.9 0.00457 
3.4 0.00970 5.2 0.00615 7.0 0.00450 
2.6 0.00940 5.3 0.00603 re! 0.00444 
3.6 0.00910 5.4 0.00591 .. aoe 0.00437 


4.9 0.00885 5.5 0.00579 7:3 0.00431 
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Per cent. of iron. Per cent. of iron. Per cent. of iron. 
cm. ___ 0.03027 cm. __ 0.03027 cm. _ 9.03027 
¥: ~~ 4=0.28° #. I~ 30.28" x. x—0.23° 
7.4 0.00425 8.6 0.00363 9.8 0.00318 
7%. 0.00419 8.7 0.00359 9.9 0.00314 
7.6 0.00414 8.8 0.00355 10.0 _ 0.00311 
7.7 0.00408 8.9 0.00351 10.1 0.00308 
7.8 0.00402 9.0 0.00347 10.2 0.00305 
7.9 0.00397 9.1 0.00343 10.3 0.00302 
8.0 0.00392 9.2 0.00339 10.4 0.00299 
8.1 0.00387 9.3 0.00335. - ~=—‘10.5 0.00296 
8.2 0.00382 9.4 0.00331 106 0.00293 
8.3 0.00377 9.5 0.00328 10.7 0.00290 
8.4 0.00372 9.6 0.00324 10.8 0.00288 
8.5 0.00368 9.7 0.00321 10.9 0.00285 


UNIVERSITY OF NASHVILLE, 
NASHVILLE, TENN. 


[CONTRIBUTION FROM THE HAVEMEYER LABORATORIES, COLUMBIA UNI- 
VERSITY, No. 68.] 


ON THE DETERMINATION OF SULPHUR IN COAL.’ 


By CHARLES W. STODDART. 
Received May 26, 1902. 


THE Committee on Coal Analysis, appointed by the American 
Chemical Society in 1895, failed to select one standard method for 
the estimation of sulphur in coal. The following work was under- 
taken with reference to this fact, and to decide, if possible, which 
of the many rapid determinations is the most accurate. 


COALS EMPLOYED. 


The coals used were selected from a large number of samples, 
and represent a wide range of composition and locality. The 
following analyses of these coals are arranged in order of hard- 
ness, from coke to lignite, with sulphur content as first found by 
the ordinary Eschka method : 


HH. FF. x. v: 
Per cent. Per cent. Per cent. Per cent. 
Moisture......-eeeeeceeces 0.00 1.93 2.22 1.10 
Volatile combustible matter 0.70 2.55 3-78 4.87 
ABE 6 c0scc vecneesccccescce 10.78 1.97 6.91 16.25 
Sulphur ...... see eeeeeeee 1.03 0.73 0.80 2.02 
Carbon .....cccccccceccees 87.49 92.82 86.29 75.76 


1 Read at the May meeting of the New York Section of the American Chemical Society. 
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AA. A. I. K. 
Per cent. Per cent. Per cent. Per cent. 
WOME oc cne ccnsuréseuen 2.25 2.42 0.48 0.34 
Volatile combustible matter 4.94 7-55 15.82 17.72 
Aas dis edies tdereanes 3-13 14.93 3.83 6.95 
Sulphur ..........00 seceee 0.58 0.91 0.61 1.20 
Carbo ¢ oro 0 v5csec secccced 89.10 74.39 79.26 73-79 
H. P. I N. 
Per cent. Per cent. Per cent. Per cent. 
Moisture: ..3si6642. 65655085 0.40 0.44 0.53 0.89 
Volatile combustible matter 18.40 20.40 28.89 32.15 
ASH «cnc cccccecccccccces 3-21 6.32 12.22 4.40 
Sulphur ......+.seesseeees 0.70 1.71 2.93 0.65 
Carbon ...cccccceccccccces 77-29 71.13 55-43 61.91 
E. D. B. GG. 
Per cent. Per cent. Per cent. Per cent. 
Moisture... -scccccsceases 0.99 0.77 0.87 17.77 
Volatile combustible matter 34.36 40.76 72.86 43.76 
ASTD oc sve cviccceasuceacees 10.56 6.72 6.15 7.60 
Sulphur ..-...sseseeeeeeee 2.20 1,12 1.85 0.51 
Carbon +. 2.06 ccscccccccces 51.89 50.63 18.27 30.36 


HH is a Connellsville coke, Pennsylvania. 

FF, broken coal from Luzerne County, Pennsylvania. 

X, anthracite coal from Pittston, Pennsylvania. 

T, egg coal from the Scranton District, Pennsylvania. 

AA, from Kingston, Pennsylvania. 

A, Ontario and Western coal. 

I, from Somerset County, Pennsylvania. 

K, West Virginia steam coal. 

H, Pocahontas coal. 

P, steam coal from the Beech Creek region, Pennsylvania. 

L,, steam coal from West Virginia. 

N, high-grade steam coal from the Buffalo, Rochester, and 
Pittsburgh region, Pennsylvania. 

E, gas coal from West Virginia. 

D, gas coal from West Virginia. 

B, cannel coal from Grayson, Kentucky. 

GG, lignite, from Bismarck, North Dakota. 


SELECTION OF METHODS. 

In going over the various methods employed for the determina- 
tion of sulphur in coal, it was found that the number was too great 
to admit of all being applied to each sample; therefore certain 
methods were selected as typical ones for comparison on the six- 
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teen coals. If only two or three coals had been chosen, it would 
have been feasible to apply all or most of the methods ; but it was 
thought far better to use the few important methods on many coals 
which varied widely in composition and sulphur content. 

Carius’ decomposition of the substance with fuming nitric acid 
in a sealed tube is accurate, and might be applied in this case, but 
in using coals with a high percentage of volatile combustible 
matter, the pressure produced would probably shatter the tube. A 
modification as given by Hodgson’ permits the tube containing 0.5 
gram of sample and 15 cc. of fuming nitric acid to remain open for 
six hours, while being heated on a water-bath at 80°-go° C.; 5 cc. 
more acid is then added, the tube sealed, heated at 150° C. for 
from four to five hours in a furnace, opened to relieve the pressure, 
and reheated at 180°-200° C. for from two to four hours. The 
residue is filtered off and treated separately for sulphur. The 
filtrate is evaporated down with sodium hydroxide, the nitric acid 
driven out by hydrochloric acid, and dehydrated. The dry mass 
is taken up with water, acidified slightly with hydrochloric acid, 
and barium chloride added. This modification is long and tedious, 
and no better than other methods. 

The best standard means for obtaining the sulphur content of a 

coal is combustion in an atmosphere of oxygen, passing the 
products of decomposition through some absorbent solution, and 
testing the residue for sulphur. Sauer’s combustion method? is 
probably as well known as any, but elaborate apparatus is re- 
quired, and complete decomposition of the tarry products is not 
easy. Other modifications, notably that of Drown,’ are not much 
better. 
At Columbia University there is an Atwater-Blakeslee bomb 
calorimeter in which coal can be burned in oxygen under any 
pressure up to 50 atmospheres. This gives complete combustion, 
and as there are appliances for passing the products of com- 
bustion through absorbent solutions, all volatile sulphur com- 
pounds, if any, can be readily recovered. The combustion is 
almost instantaneous, the operation very simple, and all trouble- 
some apparatus avoided. Under these circumstances the calorim- 
eter was selected as the means of obtaining standard figures for 
sulphur. The method of procedure is as follows: 


1 This Journal, 20, 883. 
2 Zischr. anal. Chem., 12, 32. 
3 Am. Chem. J., 2, 404; 4, 11. 
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Standard Method.—About 0.5 gram of coal is forced into a 
pellet by means of the special press which accompanies the calorim- 
eter. The pellet is carefully weighed in a tared platinum cap- 
sule, and placed in the support which consists of a wire ring 
fastened to a straight rod. The latter projects through the cover 
of the bomb. A second rod passes through the cover, parallel to 
the first, but not touching it. A fine iron wire, coiled spirally in 
the center, is attached at each end to the parallel rods, and is in 
contact with the pellet of coal. The cover is now placed on the 
bomb which is of heavy: steel, platinum-lined throughout. A 
heavy steel flange is set over the cover and screwed down tightly 
by means of a lever and clamp. A lead gasket in the cover fits 
over the top of the bomb so that the apparatus is hermetically 
sealed. In the cover is a valve with a connection for the oxygen 
tank, in order that the gas under a pressure of 25 atmospheres can 
be forced into the bomb. After closing the valve and disconnect- 
ing from the tank, the bomb is attached by the projecting rods to a 
row of four 16 candle-power lamps in parallel, giving a current of 
2 amperes. When the circuit is closed the lamps flash for an in- 
stant. The wire is of course oxidized at once when it becomes 
incandescent from the current, and its melting breaks the circuit. 
The combustion of the coal is completed. The bomb is discon- 
nected, and a delivery tube of fine bore is introduced into the 
valve. The other end of the tube is fastened to a U-tube contain- 
ing hydrochloric acid and bromine water. The valve is opened 
slightly and the compressed oxygen bubbles through the absorbent 
solution. If any sulphur dioxide is presen’, it is thus recovered. 
Combustion under pressure, however, in all probability converts 
the sulphur all to sulphur trioxide which is condensed with the 
moisture on the interior of the bomb. After the gas has been ex- 
hausted, the cover is removed, and the latter, as well as the inside 
of the bomb, thoroughly washed out into a beaker. The residue 
is filtered off, washed, dried, and fused with sodium’ potassium 
carbonate. Then it is leached with water, filtered, acidified, 
evaporated to dryness, and dehydrated, taken up with 1.5 cc. of 
hydrochloric acid and 200 cc. of water, filtered, 10 cc. of barium 
chloride added to the warm solution, and allowed to stand over 
night. ‘There is usually iron present, so precipitation should be 
completed in the cold, and the solution not boiled at first. The 
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original filtrate from the bomb washings is boiled to expel bro- 
mine, 10 cc. of barium chloride added, and the sulphur determined 
as barium sulphate. The sum of the sulphur obtained in the 
filtrate and residue is the total sulphur in the coal. With an 
average of 580 mg. of coal taken, the barium sulphate in the resi- 
due averaged 4.2 mg. 

The soft coals press very readily into pellets, but the hard coals 
_do not. The latter were therefore packed into the capsule as 
tightly as possible, and a small piece of ashless: filter-paper fitted 
over the top to prevent scattering. The coil of wire was sunk in 
the coal and the ends pierced the paper. In this way complete 
combustion of the hard coals was obtained. 

Although in some cases, especially with coke, mechanical diffi- 
culties have been encountered in getting complete combustion, 
this method is chemically most perfect. The oxidizable sulphur is 
oxidized under the most favorable possible conditions, and the 
residual sulphur converted to sodium sulphate by fusion; now if 
the precaution is taken to dehydrate the silica and to precipitate 
the barium sulphate under the best conditions, this seems to be the 
most reliable method for standard results, though perhaps too long 
for technical work. 


Other Methods.—To compare with the standard method, Esch- 
ka’s was of course chosen as being the best known method for 
estimating sulphur in coal. A method recommended by Stolba,* 
and unlike Eschka’s, was also selected. Antony and Lucchesi? pro- 
posed a method that, they claimed, gave better results than Esch- 
ka’s. It was apparently worth trying. Their original article pro- 
posed the precipitation of barium sulphate in a nitric acid solution. 
This is, of course, impracticable. Dubois*® copies their method 
exactly, but substitutes hydrochloric for nitric acid. As an 
example of fusion methods Thomson’s* was chosen. Hodgson® 
used sodium peroxide as anoxidizing agent, and it was 
decided to try his method. 

The details of the various methods as used in this work are as 
follows : 


1 Listy Chemické, 12, 202. 

2 Gazz. chim. ital., 29, 181. 

8 Bull. Assoc. Belge des Chim., 15, [6], 225. 
4 J. Soc. Chem. Ind., 8, 526. * 

5 This Journal, 20, 886. 
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Eschka’s Method.—Heath’s modification, slightly changed :? 1 
gram of finely powdered coal is mixed with 1 gram of magnesium 
oxide and 0.5 gram of sodium carbonate in a platinum dish having 
a capacity of 75-100 cc. A crucible may be used. The magnesium 
oxide should be light and porous. The dish is heated on a triangle 
over an alcohol lamp. The mixture is frequently stirred with a 
platinum wire or glass rod, and the heat applied very gradually, 
especially with soft coals. Towards the end, the bottom of the 
dish should be at a low red heat. When the carbon is all con- 
sumed, the mass is transferred to a beaker and the dish rinsed, 
about 50 cc. of water being used. Fifteen cc. of saturated bromine 
water are added and the solution boiled for five minutes. The 
residue is allowed to settle and the clear liquid decanted through 
a filter; it is boiled a second and third time with 30 cc. of water, 
and washed very thoroughly. The residue was not further exam- 
ined. The volume of the filtrate should be about 200 cc. One 
and a half cc. of concentrated hydrochloric acid are added and the 
solution is boiled until the bromine is expelled. Now 10 cc. of 10 
per cent. barium chloride solution are added to the hot solution 
drop by drop, and with constant stirring. It is next digested over a 
low flame, with occasional stirring, until the precipitate settles 
clear. The barium sulphate is filtered and washed, using a small 
ashless filter-paper, ignited and weighed. 


Stolba’s Method.—1 gram of finely ground coal is mixed with 1 
gram of silver powder and 1 gram of potassium acid carbonate, 
and the whole carefully heated with frequent stirring until no dark 
particles remain. ‘The mass is then transferred to a beaker with 
about 50 cc. of water and boiled, allowed to settle, and the clear 
liquid decanted through a filter. Two more portions of water, 30 
cc. each, are added and the solution boiled as before. The residue 
is now transferred to the filter and thoroughly washed. The fil- 
trate is acidified with 1.5 cc. of hydrochloric acid and the carbon 
dioxide boiled out. Ten cc. of barium chloride are added, and 
barium sulphate is precipitated as in Eschka’s method. In most 
cases it is found advisable to add a few drops of ammonium 
acetate solution to prevent a slimy brown residue from running 
through the filter. It is also frequently necessary to filter the 


1 This Journal, 21, 1127. 
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solution more than once to obtain a clear filtrate for the precipita- 
tion of barium sulphate. 

Antony and Lucchesi's Method.—1 gram of finely powdered 
coal, mixed with 4 grams of manganese dioxide, I gram of potas- 
sium permanganate, and 2 grams of sodium carbonate, is placed 
in a platinum crucible and covered with a layer of the same 
oxidizing mixture. Heat is applied very gradually at first to pre- 
‘vent deflagration of the contents, and is finally raised until the 
bottom of the crucible is just reddened. After half an hour of 
such heating the mass is allowed to cool and is then transferred to 
a bedker with about 50 cc. of water and boiled. It is now 
allowed to settle and the clear liquid decanted through a filter. 
Two more additions of 30 cc. of water each are made, and the 
mixture is boiled as before. The mass is finally all transferred to 
the filter and thoroughly washed. The filtrate is acidified, and 
barium sulphate precipitated. In this case two filtratidns are 
always necessary to obtain a clear solution. The addition of 
ammonium acetate solution helps to a great extent. Manganese 
dioxide is the cause of the trouble. 

Thompson's Method.—1 gram of the coal is mixed with 2 grarhs 
of sodium carbonate and gently heated until all the carbon is 
burned away. The mass is then fused and a little potassium 
nitrate added to complete the oxidation to sulphate. After the 
mass has cooled it is leached with water, filtered, the filtrate acidi- 
fied with hydrochloric acid, and evaporated to dryness. The 
silica is dehydrated, the mass taken up with 1.5 cc. of hydrochloric 
acid and about 50 cc. of water, and filtered. The filtrate is diluted 
to 200 cc., and barium sulphate precipitated as usual. 

Hodgson’s Method.—1 gram of the coal is placed in a nickel 
crucible and covered with 4 grams of sodium potassium carbonate 
and 1 gram of solid sodium hydroxide. The crucible is covered 
and heat applied gently until gases are driven off. Then the heat 
is raised and small amounts of sodium peroxide are added until no 
further action occurs. Perfect fusion is now obtained with the 
blast-lamp. The mass is allowed to cool and is then leached 
thoroughly with water,—about 50 cc. It is then filtered, washed 
with hot water, the filtrate acidified with hydrochloric acid, 
evaporated to dryness, the silica dehydrated, and the dry mass 
taken up with hydrochloric acid and water. After filtering, the 
sulphur is determined as usual. Only two samples were tried by 
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this method. The results were low, and the method unsatis- 
factory. 
GENERAL PRECAUTIONS. 

To avoid possible contamination from gas, alcohol lamps were 
used throughout these experiments. 

All the chemicals were carefully tested for sulphur, and the 
necessary correction applied, if needed. Sodium carbonate, potas- 
sium acid carbonate, hydrochloric acid, and bromine contained no 
sulphur. Magnesium oxide contained 0.002 per cent. ; manganese 
dioxide, 0.004 per cent. ; potassium permanganate, 0.028 per cent. ; 
sodium hydroxide 0.015 per cent. ; and sodium peroxide, 0.002 per 
cent. 

Constant acidity was maintained in all the analyses for the pre- 
cipitation of barium sulphate; namely, 1.5 cc. of concentrated 
hydrochloric acid to 200 cc. of solution. 

It was found convenient to add the barium chloride solution 
_ from a burette. After the 200 cc. of acidified solution had been 
heated to boiling on an asbestos disk, the burette was brought over 
the beaker and to cc. of 10 per cent. barium chloride solution were 
added drop by drop, stirring all the time. The stirring was con- 
tinued at intervals after the barium chloride had been added, until 
the barium sulphate settled clear. 


RESULTS. 
The results as obtained by these methods are as follows: 
Manganese 
Combustion Eschka’s ‘‘Eschka’s Stolba's dioxide | Thomson’s 
method. method. Dehydrated.’! method. method. method. 
Coal. Percent. Percent. Percent. Percent. Percent. Per cent. 
HH....-. 0.67 1.03 1.01 0.89 0.67 
FF ...... 0.70 0.73 vee 0.65 0.58 0.59 
Keveseece 0.82 0.80 eee 0.81 0.79 eee 
T eoeeceee 1.65 2.02 1.67 1.64 + 
BA ccocce 0.51 0.58 0.56 0.51 0.52 
Avseeeese 0.67 0.91 0.70 0.62 eee eee 
Piivnwetics 0.64 0.61 oe 0.60 0.60 0.55 
Kise cccess 1.21 1,20 eos 1.15 eee eee 
H eeeeeee 0.70 0.70 tee 0 62 
) ae 1.99 1.71 cee 1.75 oe cee 
) Pei 3.09 2.93 eae 3.08 aoe 3.08 
Nees ++ 0.65 0.65 eee 0.65 0.64 0.67 
, Aer 2:23 2.20 eee 2.05 eee vee 
5) 1.21 1.12 cee 1.07 
Maccsacse 1.35 1.85 1.35 1.34 ete 
GG occeee 0.53 0.51 see 0.38 0.50 


4 See following paragraph. 
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DEHYDRATION OF SILICA IN ESCHKA’S METHOD. 


In examining these results it is seen that HH, T, AA, A, and B 
are lower by the combustion method than by Eschka’s. It was 
thought that the higher results might be due to silica coming down 
with barium sulphate. To remedy this, dehydration was tried 
after acidification of the filtrate. The percentages thus obtained 
are given in the column marked “Eschka’s Dehydrated.” Evi- 
dently in the case of HH it was not silica that caused a high re- 
sult. The trouble seems to have been in the combustion method. 
HH, being a coke, had practically no moisture or volatile com- 
bustible matter, and was consequently so dry that it would not 
pack at all in the capsule. Complete combustion was in no trial 
obtained, and the sulphur was not obtained on fusing the residue. 


AA Was lowered only a little, but T, A, and B show that dehy- 
dration of silica is necessary in order to get accurate results. T 
had 16 per cent. of ash, A 15 per cent., B only 6 per cent., and AA 
3 percent. Although a high percentage of ash would be expected 
to give more silica to contaminate the barium sulphate, this con- 
tamination is not always confined to high ash coals. The tempera- 
ture to which the substance is subjected must have something to 
do with the interference of silica, and as it is very difficult to keep 
the same temperature for all the experiments, it is better in all 
cases to dehydrate the silica. 


BARIUM, STRONTIUM, AND CALCIUM SULPHATES IN ESCHKA’S 
. METHOD. 


P, by Eschka’s method, is lower than by the combustion 
method. ‘The residue was tested for barium to see if sulphur as 
barium sulphate might have been present, and not obtained by this 
treatment. None was found. Nevertheless it is interesting to 
know whether or not Eschka’s mixture obtains sulphur contained 
in the coal as barium sulphate, strontium sulphate, and calcium 
sulphate. H was selected and separate additions of 10, 20, 30 and 
40 mg. of pure barium sulphate were made. The sample thus ob- 
tained was subjected to exacfly the same treatment as at first. In 
every case the silica was dehydrated to avoid any possible contami- 
nation. 

Barium sulphate in H as first analyzed = 0.0510 gram. 
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Theoretical results. Actual results. 
Gram. Gram. 
+10 mg. barium sulphate...... 0.0610 0.0510 
+20 mg. barium sulphate...... 0.0710 0.0551 
+30 mg. barium sulphate...... 0.0810 0.0559 
+40 mg. barium sulphate...... 0.0910 0.0622 


The same additions were made again and the mass was treated 
at a very much higher temperature (bright red) for about an hour 


after the carbon was all burned off. 


Results with high heat. 
Gram. 


+10 mg. barium sulphate ......+-.+.+.+- 0.0613 
+20 mg. barium sulphate .........+.+0+- 0.0682 
+30 mg. barium sulphate .......--++-.+- 0.0667 
+40 mg. barium sulphate ............++- 0.0901 


These results are irregular, but indicate that, as usually carried 
out, the method gives a fraction of the sulphur present as barium 
sulphate, and that the conversion of larger amounts is entirely 
,dependent on the increased temperature. 

Using the same sample, 10 and 40 mg. of strontium sulphate 
were added. 


' Theoretical results. Actual results. 
’ Barium sulphate. Barium sulphate. 
Gram. Gram. 
+1o mg. strontium sulphate..... + 0.0637 0.0620 
+40 mg. strontium sulphate...... 0.1018 0.0943 * 
Also 10 and 40 mg. of calcium sulphate were added. 
Theoretical results. Actual results. 
Barium sulphate. Barium sulphate. 
Gram. Gram. 
+10 mg. calcium sulphate. ...... 0.0681 0.0680 
+40 mg. calcium sulphate ....... 0.1196 0.1179 


Silica was dehydrated in these experiments as in the case of 
barium sulphate. 

It is a well-known fact that when strontium sulphate and cal- 
cum sulphate are boiled with sodium carbonate they are converted 
to strontium carbonate, calcium carbonate, and sodium sulphate. 
This fact alone was depended upon to get the sulphur so combined, 

and therefore high heating was not employed. The results indicate 
that such is the case. But as only 0.5 gram of sodium carbonate 
is used in the Eschka method, not quite all of the strontium and 
calcium sulphates were converted to sodium sulphate. If a larger 
quantity of sodium carbonate had been added, all the sulphur 
would have been obtained. 
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SILVER POWDER IN STOLBA’S METHOD. 

The presence of silver powder in Stolba’s method seemed un- 
necessary. It certainly was not needed for the purpose of carry- 
ing sulphur in solution as silver sulphate, since no precipitate of 
silver chloride formed on acidifying the filtrate with hydrochloric 
acid. To test the necessity of its use four samples (AA, L, N, 
and B) were chosen and the method repeated, omitting the silver 
powder. The results are as follows: 


Without silver powder. First results. 
Per cent. Per cent. 
BA cocecccccccee cece 0.53 ; 0.51 
Tyecccccccccccccceces 3-33 3.08 
I ir aigieiai.ocsie:3 eine ois auare 0.60 0.65 
Bowes cccccccsece cece 1.38 1.34 


With the silver powder the results agree almost exactly with the 
standard method; without it they do not. The silver powder is 
evidently very useful, but what its function is we ‘do not know. 


MANGANESE DIOXIDE IN ANTONY AND LUCCHESI’S METHOD. 

Results from Antony and Lucchesi’s method are very good, but 
its fault as a rapid means of estimating sulphur is the action of 
the manganese dioxide. It runs through the filter very badly, 
requiring at least two, and usually three, filtrations to obtain a 
cleat solution. Even then the precipitate of barium sulphate is 
contaminated with manganese dioxide. The addition of a few 
drops of ammonium acetate solution checks, to a certain extent, 
the running through. Great care has to be observed in heating up 
the mass, else deflagration will cause loss by spattering. 


DEHYDRATION IN THOMSON’S METHOD. 

Thomson’s method seems simple and gives fair results, but de- 
hydration of the silica is absolutely necessary after the fusion with 
carbonate. 

SODIUM PEROXIDE IN HODGSON’S METHOD. 

Hodgson’s use of sodium peroxide is no improvement over the 
old deflagration method of fusion with carbonate and _ nitrate. 
Sodium hydroxide contains sulphur and is hard to weigh accu- 
rately. Sodium peroxide also is impure to a slight extent, and 
since it is added in small portions at a time, and quickly becomes 
sticky, it is extremely difficult to know just how much has been put 
in. Worst of all, the mass glows and spits violently when the 
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sodium peroxide is added to the fused mixture, and great care 
must be exercised to prevent loss. Only two samples were tried 
with this method. Complete combustion was in no case obtained, 
constant attention was required, and the use of the blast-lamp 
needed at the end, thus allowing contamination from the gas flame. 
All in all this method is exceedingly impractical. 


GENERAL COMPARISON. 


Comparing all these methods of estimating sulphur with the 
standard, it appears that Eschka’s method is the best. In order to 
get‘accurate results, however, the silica must be dehydrated. For 
commercial purposes the method without dehydration is satis- 
factory. As to ease of manipulation; Eschka’s method is much 
better than the others. There is no deflagration or sputtering of 
the dry mass, providing, of course, that high heat is not applied at 
once, and moderate care is observed. In the manganese dioxide 
method the mass will splutter unless extreme care is taken. 
Stolba’s method is almost as bad. The sodium peroxide method 
is worst of all. As regards ease of filtration, Eschka’s method is 
again the best. There is no running through of the residue. 
Manganese dioxide always runs through, and the Stolba method 
gives trouble. The Eschka method gives sulphur combined as 
strontium sulphate and calcium sulphate, and if heated to a bright 
red heat will get small amounts of sulphur existing as barium 
sulphate. 


CONCLUSION. 


Attention is called to the fact that a large number of coals were 
selected from many samples received, in order to get the widest 
possible range both of composition and locality. Hence the 
methods were tried under all conditions in which sulphur might 
exist. If only a few samples had been used, and very thoroughly 
worked over, definite conclusions would have been quickly reached 
—conclusions that would hold only for those few coals. Where 
many and varied samples are tried, the conclusions may not be 
quite as definite, but such as they are they apply to all coals. 

The comparison of results strongly confirms the accuracy of the 
standard method on all the samples of coal. 

Eschka’s method with the silica dehydrated is the best of the 
existing practical methods. 











864 VERY SMALL VAPOR TENSIONS. 


The remaining methods, though capable of accuracy in many 
cases, and particularly adapted to certain coals, do not by the relia- 
bility of the results or the ease of manipulation rival either the 
standard method or that of Eschka. 

The preceding work was undertaken at the suggestion of Pro- 
fessor Edmund H. Miller, and for his advice and assistance 
throughout the course of these experiments the writer owes his 

most grateful thanks. 


QUANTITATIVE LABORATORY, 
May 20, 1902. 


ON A [METHOD FORTHE DETERMINATION OF VERY SMALL 
VAPOR-TENSIONS IN CERTAIN CIRCUPSTANCES. 


By LAUNCELOT W. ANDREWS. 


; Received June 7, 1902. 

WHILE much has been done in recent years on the vapor- 
tensions of solvents, there has been but little work upon the tension 
of volatile substances in solution. It can not be doubted, however, 
that an investigation of phenomena of the class alluded to, 
promises interesting results if the experimental difficulties can be 
overcome. The method to which I would invite attention is based 
on a comparison of the tension of the solvent, assumed as known, 
with that of the substance dissolved. 

If a substance, whose vapor-tension is S and molecular weight 
is M, evaporates freely into a volume V of air until the latter is 
saturated, we have for the weight of the substance evaporated, W, 
at constant volume, 

W = MSV const., (1) 
in which the constant depends upon the units chosen. Ifa second 
substance with vapor-tension s, molecular weight m, evaporates 
simultaneously into the same volume of air to saturation, its 
weight, w, will be 

w= msV const. (2) 

Combining equations (1) and (2) and assuming all quantities 
as known, except s and V, we have 


wMs 
= mW (3) 
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In this expression, the magnitudes indicated by the capital 
letters may belong to the solvent, those indicated by small letters 
to the substance dissolved. ‘The vapor-tension S would, of course, 
be that, not of the pure solvent but as diminished by the material 
in solution, according to Raoult’s law. 

In practice the method thus outlined may be carried out as 
follows: Assume, as a concrete case, that a determination of the 
tension of iodine in a solution of this element with potassium 
iodide and water is to be undertaken. The solution is weighed in 
a suitable vessel, and placed in a thermostat. A slow current of 
dry air is passed through it.for a time, and it is again weighed. 
The loss of weight equals evaporated water plus iodine, 
(or =w-+W), and titration of the solution before and after 
shows how much of this loss is due to evaporated iodine. 

All the required data for formula (3) are therefore at hand. 
As yet, the method has been applied only to a study of starch 
iodide, of which an account will be found in the following paper. 
It was devised and experiments with it were begun more than two 
years ago, but circumstances beyond control of the present writer 
have delayed publication so long already that it seems undesirable 
to withhold preliminary notice any longer. 

So far as iodine solutions are concerned, I would reserve the 


field for a time. 


CONTRIBUTIONS TO THE STUDY OF STARCH IODIDE. 


By LAUNCELOT W. ANDREWS AND HENRY MAX GOETTSCH. 


° Received June 7, 1002. 

SINCE the discovery of the blue substance known as “starch 
iodide” by Stromeyer,’ our knowledge of its properties has been 
enriched by numerous researches?. In spite, however, of the 
remarkably extensive literature pertaining to the subject, no con- 
sensus of opinion has been arrived at with regard to either the 
nature of the substance, its composition, or even some of its more 
important properties. 

Thus, while Blondlot, Béchamp, Pohl, R. Fresenius, Duclaux, 
Briickner, and Kiister? consider it to be a mixture of starch with 


1 Thorpe’s Dict., Vol. ITI, p. 565. 
2 See bibliography at the end of this paper. 
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iodine, or a solution of the latter in. the former, Rouvier, Payen, 
Fritsche, Bondonneau, P. Guichard, Sonstadt, Pellet and others 
hold it to be a chemical compound of starch and iodine. These 
authorities are nevertheless far from agreement as to the composi- 
tion of the compound. They give the amount of iodine contained 
all the way from 3.2 per cent. as a minimum, up to 19.6 per cent. 
as a maximum, and present formulas varying over a correspond- 
ingly wide range. 

Ostwald, in the first edition of his “Wissenschaftliche Grund- 
lagen,” holds it to be an easily dissociable compound, while in the 
second edition of the same book, influenced probably by Kiister’s 
recent work, he adds the modifying clause “beziehungsweise einer 
festen Lésung.” Bernthsen’ takes an identical view,? regarding 
starch iodide as a dissociable compound. 

Mylius* maintains that the presence of hydriodic acid or an 
iodide is essential to the formation of starch iodide, to which he 
assigns the formula (C,,H,,O..1),HI as most probable. Seyfert, 
as also Téth, disputed the presence of hydriodic acid or alkali 
iodide as essential to the existence of the blue compound. 


EXPERIMENTAL. 


It seemed best to simplify the conditions so tar as possible by 
confining the study of the action of iodine on starch to clear solu- 
tions of the latter, in order to avoid complications arising from 
variations in the physical condition of the starch. Therefore, 
in the work described in the following pages, only such solu- 
tions were used. 

The iodine employed was prepared from “chemically pure” 
iodine of the shops by distillation with potassium iodide in a cur- 
rent of steam. It was free from cyanide. 

The solutions of starch were made by heating maize starch* 
with water in an autoclave. At first a few drops of chloroform 
were added to the solutions as a preservative, but, as this seemed 
to induce partial precipitation of starch after standing, this prac- 
tice was discarded after the first set of experiments described 
below. 


1“ Organische Chemie,” sixth edition, p. 307. 
2 “* Sowohl die Staérkekérner, als der Stirkekleister werden von Jod intensiv blau, 
von Brom feuergelb gefarbt, indem lockere, additionelle Verdindungen entstehen.” 
% See bibliography. 
4 Washed with water, dilute hydrochloric acid, alcohol, and water. 
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Starch Iodide Prepared in the Cold. 


Series 1.—Ten grams of starch were heated to 175° with 100 cc. 
of water for about three hours. The solution was brownish but 
perfectly clear, and filtered readily. A few drops of chloroform 
were added, and after standing a day, part of the starch had pre- 
cipitated. The solution, somewhat diluted, was well shaken with 
fine asbestos, when it easily filtered clear. 

To determine the strength of this solution, 5 cc. were evaporated 
to dryness at 100° and brought to constant weight by heating in an 
air-bath at 105°-110°. This operation demands care, in conse- 
quence of the extraordinarily hygroscopic character of the 
product. Five cc. of solution yielded 0.1834 gram of starch. 

This standard solution was diluted to make solutions containing 
respectively, 10.000, 5.000, 2.500, 1.250, ando.625 grams per liter. 
To each solution was added an amount of pulverized iodine equal 
to the amount of starch present, and the whole was shaken by a 
motor (usually for about six hours), allowed to stand over night,a 
sample withdrawn for titration, and the remainder again shaken, 
etc. In the following table the amounts, in grams per liter, of 
iodine dissolved are shown. 


TABLE I. 

Concentration of starch, 

EMER: Eps wie'sis sinless 10 5! 5 2.5 1.25 0.625 
Concentration of iodine, 

g. per L: 

After 5 days.......... 0.744 0.474 0.468 0.290 0.264 0.242 
After 7 days..-....++. 0.842 0.520 0.526 0.348 0.290 0.252 
After 10 days........-. 0.894 0.552 0.566 0.342 0.299 0.262 
After 11 days.......... 0.922 0.572 0.598 0.408 0.318 0.270 
After 12 days........-- 0.936 0.580 0.598 0.402 0.322 0.286 
After 17 days.....++.«- 1.028 0.648 0.652 0.428 0.318 Aes 


If the results are plotted as a curve with the respective starch 
concentrations as ordinates and the final iodine concentrations 
(solubilities) as abscissas, practically a straight line is obtained. 
This line cuts the x axis at a point corresponding to the iodine 
concentration of 0.24 gram per liter, about, that is to say, at the 
point corresponding very closely with the best determinations of 
the solubility of iodine in water. The temperature fluctuated be- 


tween 22° and 25°, 20° being only once recorded. 


1 This solution was freed from chloroform by blowing air through it before adding 
iodine. The figures show that the presence of traces of chloroform do not influence the 
solubility of the iodine. 
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Allowing for the solubility of the iodine in the water, we find a 
fairly steady relation between iodine and starch. The mean value 
of this relation is about 7.63 per cent., or in other words, the 
“starch iodide” in the solution contains about 7.1 per cent. of 
iodine. 

Since the starch solution used in this series of experiments gave 
some evidence of having been heated to too high a. temperature (it 
gave with a trace of iodine a violet instead of clear blue), we de- 
termined upon another series, in which the solutions should be 
made at a lower temperature. It was found that the starch dis- 
solved completely at 144° but precipitated again on cooling, but at 
152° (5 atmospheres’ pressure) the solution remained clear long 
enough for the object in view. 

Series 2.—Fifteen grams of starch were heated for two and a 
half hours to 152° with 130 cc. of water. The resulting colorless 
solution filtered readily and did not show any tendency to precipi- 
tate on cooling. It was diluted without delay to 650 cc., of which 
5 cc. were evaporated as before to determine the starch. 0.1077 
gram of dry starch was obtained. 

From this standard solution, six others were at once made, 
without waiting for the result of the determination, in order to 
avoid the possibility of separation of starch. These contained in 
200 cc., respectively, 200, 150, 100, 75, 50, and 25 cc. of standard 
solution, or, 21.54, 16.16, 10.78, 8.08, 5.38, 2.70 grams of starch 
per liter. 

These solutions were shaken six hours a day for ten days with 
excess of iodine at 21° to 26°. They then contained no undis- 
soived starch or starch iodide, and were filtered to remove any 
finely divided iodine in suspension, and titrated with N/100 
sodium thiosulphate. The data so obtained are recorded in the 


following table. 
TABLE II. 
C; . Concentration of starch, grams 
per liter... ..cseecscscescees 21.54 16.16 10.78 8.08 5.38 2.70 
C. Concentration of iodine dis- 
solved, grams per liter ....... 1.644 1.316 0.970 0.786 0.602 0.446 


C—C . Concentration of iodine 

corrected forsolubility in water 1.376 1.048 0.702 0.518 0.334 0.178 
P. Ratio of starch to iodine in per- 
CENTAGE oe eeeeeececercceeceess , , » 6.41 6.21 6.59 
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The data given in the table under rubrics I and II were reduced 
3 = P, in which 

C, = the concentration of the starch (rubric I) ; 

C,, = the iodine dissolved in the water alone, assumed as con- 
stant ; 

C = total concentration of dissolved iodine (rubric II) ; 

P = per cent. of iodine taken up by the starch. 





by the formula 100 é 


The numerical values of C, and of Pas calculated from the 
observations themselves are, respectively, 0.268 and 6.43. The 
former is in excellent agreement with the known solubility of 
iodine in water. The temperature varied between 21° and 26°. 
The percentage of iodine to starch found, 6.43, corresponds fairly 
to that required by the formula (C,H,,O,),.I, which is 6.53.° 


Series 3.—The preceding experiments having established that 
the amount of iodine taken up by the starch is constant and inde- 
pendent of the concentration of the starch solution so long as the 
water is saturated by iodine,’ it was decided to make a series of 
determinations of the distribution of iodine between starch iodide 
solutions and an immiscible solvent (chloroform).? 

The starch iodide solutions (being identical with those used in 
the experiments of Series 2) were shaken with 10 per cent. (by 
volume) of carefully purified chloroform in stoppered glass cylin- 
ders, until a condition of equilibrium was attained, and were then 
allowed to stand for several hours, usually over night, to permit 
the liquids to separate completely. Five cc. of the clear super- 
natant blue solution were titrated with N/200 thiosulphate and the 
rest of it transferred to a dry cylinder and mixed as before with Io 
per cent. of its volume of chloroform. 

In this way, six successive distribution determinations were 
made on each solution with constant concentration as to starch but 
diminishing iodine. The temperatures did not vary more than 1° 
from 21° throughout the series. 


1 Kiister (Ann. Chem. (Liebig), 360, 283) concludes that the amount of iodine ab- 
sorbed by solid starch is wholly dependent on the concentration of the solution in contact 
with it. 

2 Compare Jakovkin’s study of the dissociation of potassium triiodide in aqueous solu- 
tion (Zischr. phys. Chem., 13, 539 (1894)). 
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TABLE III. 


Distribution of Iodine between Starch Solution and Chloroform. 
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A, B. C B+A. BC +A. 
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I 1.218 4.26 21.54 3.50 75.5 

2 1.076 1.42 21.54 1.32 28.4 

3 0.990 0.86 21.54 0.87 18.7 
4 0.918 0.72 21.54 0.78 

5 0.890 0.28 21.54 0.31 

6 0.858 0.32 21.54 0.37 

° 1.316 0.00 16.16 vee 

I 0.910 4.06 16.16 4.46 
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I. 2. 3. 4. 5. 6. 
A. B. c. B+A BC+A. 
z hs oe % ee SE 
2 g 2 gs es 
5% Ail 5 oY 2s 
8 45 8 = i Se 
3 Sud ge ? FF 34% oan 
@ 4 52s orcs 5" 220 hes 
4 a. ~ 
we ona 236 vs see 25” 
es ESs Ege Es Zt =8Q 
el ° is) 2) = an 
fo) 0.446 0.00 2.70 oe 
I 0.176 2.70 2.70 15.34 
2 0.122 0.54 2.70 4.42 41.5 
3 0.098 0.24 2.70 2.45 i 
4 0.86 0.12 2.70 1.40 5-4 
5 0.72 0.14 2.70 1.94 
6 0.66 0.06 2.70 0.91 


All concentrations are given in grams per liter. 

Inasmuch as the iodine in the chloroform was determined by 
difference, there is an accumulation of errors in the values found 
for the chloroform concentrations (column 3) for the last three 
extractions and in the corresponding distribution coefficients 
(column 5). It will be observed that there is no indication of a 
constant distribution coefficient between chloroform and starch 
solution or between chloroform and dissolved starch. The results 
show a more rapid removal of the iodine from the solutions con- 
taining less starch, in such a way that all the curves cross at nearly 
a common point, corresponding to about 5 per cent., falling be- 
tween the first and second extractions. 


Series 4. (Starch Iodide Prepared by Heating).—43.152 
grams of air-dried starch, containing 38.449 grams of 
dry starch (maize), were introduced into a Jena glass 
tube with 7 grams of pure iodine and enough water to moisten 
the mass completely. The tube was then sealed and heated to 99° 
for two hours. At the end of this time the contents formed a soft 
mass which readily dissolved in water, leaving an insoluble residue 
consisting of the excess of iodine only, but containing no starch. 
The solution, diluted to 2 liters, was found on titration with N/100 
thiosulphate, to contain 2.562 mg. “free” iodine per cubic centi- 
meter. From this standard solution were prepared, by appropriate 
dilution, five others, the strength of each of which, expressed in 
grams per liter and also in molecular volume, is shown in the 


following table. In calculating the latter the molecular weight of 




















872 LAUNCELOT W. ANDREWS AND HENRY MAX GOETTSCH. 


starch is arbitrarily assumed as that of the molecule 


(C,H, Os) = 972.5. 


TABLE IV. 
Solution Starch, grams Iodine, grams Molecular volume Molecular volume 
per liter. per liter. of starch, of iodine. 
I 19.225 2.562 50.69 99.02 
2 14.42 1.922 67.58 132.03 
3 9.61 1.281 101.38 198.04 
4 7.21 0.961 135.16 264.06 
5 4.806 - 0,641 202.76 396.08 
6 2.403 0.320 405.52 . 792.16 


It is obvious that these solutions prepared by the action of 
iodine on starch at about 100° are entirely different in composition 
from those previously described, which were made at about 20° 
from dissolved starch. The former correspond very closely with 
the formula (C,H,,O,),,..1., whereas we have seen that the latter 
possesses a composition nearly agreeing with the formula 
(CgH,.05) 12-1. 

The solutions were shaken with chloroform repeatedly, exactly 
as described on a previous page. Unfortunately the temperatures 
were not kept constant during the extractions, and the figures show 
that the results were influenced by this circumstance to a much 
greater degree than was anticipated. It is nevertheless thought 
worth while to record the data obtained, since they demonstrate 
that in spite of the difference in percentage of iodine in the starch 
iodide as prepared cold and hot respectively, yet the behavior of 
both kinds toward an immiscible solvent is similar. 


TABLE V. 
3 3 3. 4. 5. 6. 7 
A, B. Cc: B+A 
: ¢ : % r 
5 g z . os 
° 8d ag . g 
2 a Ss ae | : E 
3 sal £ gl eee 
3] = ; a9 ass 7) 
% - a ae o 
a g g 5° A & 
fo) 2.562 cece 19.22 oss aise vows 
I 1.960 6.016 19.22 3.06 58.9 25° 
2 1.816 1.450 19.22 0.80 15.4 2F° 
3 1.792 0.234 19.22 0.13 2.5 18° 
4 1.740 0.514 19.22 0.29 5.6 19° 
5 
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1.290 
1.244 
1.212 


1.281 
0.904 
0.824 
0.804 
0.778 
0.756 
0.961 
0.650 
0.594 
0.582 
0.554 
0.546 


0.641 
0.416 
0.370 
0.358 
0.336 
0.322 


0.320 
0.188 
0.160 
0.152 
0.136 
0.132 


nroeoNH O UNPWN HO HPWH H OO HF WH RO NRW HHO 


Series 5.—More significant than the last experiments and freer 
from sources of error, are a number of determinations of the 
vapor-tension of the iodine in solutions of starch iodide, carried 
out after the method described by one of us in the preceding paper. 

A solution was used for this purpose which contained 19.224 
grams of dry starch and 1.485 grams of “free” iodine per liter, 
and which was prepared after the method already described by 


form, be 


+ Iodine in chloro- 


2 8 


0.172 
0.460 
0.328 


3.782 
0.796 
0.196 
0.262 
0.220 


3.102 
0.562 
0.118 
0.284 
0.090 
2.240 
0.460 
0.120 


0.222 
0.142 


1.32 

0.286 
0.078 
0.152 
0.050 
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heating the constituents together to 99°. The liquid was placed 
in a gas-washing apparatus, immersed in a tank of water, and a 
slow current of dried air was aspirated through it andthenthrough 
a second similar apparatus identically charged. The object of the 
second vessel is to serve as control, its constancy of weight demon- 
strating that the current of air was slow enough to be fully satu- 
rated with the vapors of both water and iodine at the prevailing 
tension. In practice, small losses in the weight of this vessel were 
disregarded, a special experiment having shown that the ratio be- 
tween iodine and water evaporated is the same when the air is 
nearly (95 per cent.) saturated as when it is fully so. 

The total amount of water plus iodine evaporated during each 
period is given by the loss in weight of the bulb. The amount of 
iodine evaporated is determined by titration of the solution by 
N/too thiosulphate at the close of each period of evaporation, and 
the water estimated by difference. The data of one such series of 
measurements are reproduced in Table VI. The tension in milli- 
meters (s) of the iodine is found by the formula 


§$=0.071 X se (see preceding paper), in which © 


‘S = the tension of water-vapor at the prevailing temperature, 
and 

w = the weight of water evaporated, and 

W = the weight of iodine evaporated. 


To secure greater accuracy, for each titration about 5 cc. of the 
solution were withdrawn and its weight determined. The iodine | 
concentrations are accordingly given in milligrams per gram. 

The minuteness of the tension of the iodine (less than 0.01 mm.) 
in solutions where the iodine forms 5 per cent. of the weight of the 
starch present is remarkable. To obtain correspondingly low 
tensions of iodine in solutions of potassium iodide, the amount of 
iodine must be reduced relatively to a much greater degree, but the 
general character of the curve is very similar. We have not as 
yet been able to calculate any satisfactory dissociation constant 
from the data. All the results obtained, both by the vapor- 
tension method and by the chloroform method,:show the com- 
plexity of the phenomena involved, and lead to the hypothesis that 
the iodine in “starch iodide” solutions exists in two forms of union 
at least, a small portion of it being much more readily removed 
than the rest. 
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TABLE VI. 
Table Showing Relative Evaporation of Water and of Iodine from Solutions of ‘‘ Starch Iodide.” 


PRS 6 Bis 6 08 6S 0.de es 0 BS 06 55s CATES THOS” I 2 4 4 5 6 7 8 


Date .ccececsecccccccssccecccsceccece-eees May 16 May16 May17 May17 Mayi7_ 17-18 18 18-19 
"PA 1G TUES 62 6 6 onc cc be cebe ds cces wees 5 10 30 150 150 960 


9 
19-21 
420 1290 1800 
Mean temperature ...-..-seseeeeeeeeeeeees 22.669  22.63° 21.89° 21.79° = 21.69° = 21.00° = 20.30 —Ss 19.46° ~— 18. 40° 
Initial weight of solution ........-..+.+++-++ 179.058 164.960 159.805 154.435 149.147 143.930 138.151 132.701 126.416 
Final weight of solution......-..-+++++++++ 179.050 164.905 159.532 154.318 149.023 143.243 137-777 131.546 124.903 
Loss in grams by evaporation = w+ W.-- 0.008 0.055 0.273 0.117 0.124 0.687 0.374 1.155 1.513 
Mean concentration in milligrams of iodine 

PCT QTAM + sseeseeeeeeseceeeeeeees eee 1.4427 1.4190 1.3331 1.2418 1.2042 1.1303 1.0486 += 1.0027 0.9566 
Iodine evaporated in milligrams = w ..--. 2.25 5-73 22.30 7.10 4.76 17.58 6.70 7.47 7.07 
Water evaporated in milligrams = W.....- 5.75 49.3 251 110 119 669 367 1148 1506 
Tension of water-vapor = S ......+++.+-+++ 20.46 20.43 19.53 19.41 19.29 18.50 17.72 16.82 15-75 
Tension of iodine-vapor = § ..--..-++ee62+ 0.57 0.168 0.123 0.089 0.055 0.035 0.023 0.0078 0.0053 


5 = 0.071 X » = tension in millimeters. 
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The differences between the composition of the starch iodide pre- 
pared cold and that made by the aid of heat, invite a further exami- 
nation of the action of high temperatures on this substance. The 
authorities disagree radically as to the phenomena resulting from 
the action of heat on solutions of this kind,some maintaining while 
others deny the permanent decolorization by heat when volatiliza- 
tion of iodine is prevented. We accordingly undertook an investi- 
gation of this matter. 


Series 6.—A somewhat dilute solution of starch iodide sealed up 
in a tube of Jena glass and heated to 100° becomes colorless if 
very-dilute, or straw color if less so. The color returns in its 
original intensity (colorimetric determination) if the tube is small 
and is rapidly heated to the required temperature and quickly 
cooled. But if the heating is continued, the color returns on cool- 
ing with ever feebler intensity, and at last fails to return at all. 
Seventy cc. of a solution of starch iodide (prepared like those 
referred to in Table V) were sealed in a Jena glass tube 
and heated in a steam-bath for several days, eight to ten hours 
each day. ‘The solution did not lose its blue color at first (being 
too concentrated to do so) but the upper part of the tube showed 
the violet vapor of iodine. After four days the violet vapor had 
disappeared and the solution had become green. After heating 
fifty hours, the solution had become light yellow and the operation 
was discontinued. No pressure was apparent on opening the tube. 

The solution was filtered from an insignificant greenish sedi- 
ment. It was pale yellow, and gave the following reactions: 
Shaken with chloroform the latter becomes violet and the solution 
colorless. Starch paste turns it blue. Hence, free iodine is 
present and starch’ is absent. Iodine dissolved very copiously in 
it, giving a dark brown solution. Methyl orange indicated a 
strongly acid reaction. Potassium nitrite set free a considerable 
quantity of iodine; hence, hydriodic acid is present. Mercurous 
nitrate gave a greenish precipitate of mercurous iodide. The solu- 
tion reduced Fehling’s solution, and on boiling with phenylhydra- 
zine and acetic acid gave the crystalline precipitate characteristic of 
glucose. 

For the purpose of quantitative study of these products, another 


1 Consequently the statement of Stocks (Chem. News, §7, 183), that starch is unaltered 
on_ heating with iodine in a sealed tube, is incorrect. 
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portion of the material was sealed up and heated as before. The 
changes of color observed are noted below. 

After heating five hours the color while hot was dark blue. 

After heating fifteen hours the color while hot was black. 

After heating twenty-five hours the color while hot was very 
dark green. 

After heating thirty-five hours the color while hot was paler 
green. 

After heating forty-five hours the color while hot was apple- 
green. 

After heating fifty-five hours the color while hot and cold was 
yellow. 

After heating sixty-five hours the color while hot and cold was 
colorless. 

The product gave the same reactions as those described for the 
portion heated fifty hours, excepting the reactions of free iodine. 
Five cc. of the solution, titrated with N/100 potassium hydroxide 
and methyl orange, required 1.22 cc., which corresponds to 1.55 
mg. of hydriodic acid. As the solution had previously been ascer- 
tained, by titration with thiosulphate, to contain in 5 cc. 12.81 mg. 
of iodine, it follows that 12.12 per cent. of the iodine originally 
present had, by continued heating, been converted into hydriodic 
acid. 

Another portion of 5 cc. was neutralized with calcium carbonate 
and titrated with standard silver solution, using potassium chro- 
mate as indicator. We found thus in the 5 cc., 13.31 mg. of iodine. 
It follows that the greater part of the iodine is present in the form 
of a colorless organic iodide which gives up the whole of its 
iodine readily in the cold to a silver nitrate solution. The dis- 
crepancy between the 13.31 mg. found by the silver solution and 
the 12.81 mg. found by thiosulphate, is not due to experimental 
error, but is explained by the fact that solutions of starch iodide 
which have been made by heating for the normal period of about 
two hours contain a certain amount of the colorless organic iodide 
—an amount which one of us has found to average between three 
and four per cent. of the total iodine present. The organic iodide 
can not be removed even in traces from the solution which has 
been heated sixty-five hours, by shaking it with chloroform subse- 
quent to neutralization. The existence of a colorless organic 












878 LAUNCELOT W. ANDREWS AND HENRY MAX GOETTSCH. 


iodide has been assumed, but not demonstrated, by Bondonneau,’ 
by Duroy,? and by Guichard,’ although the last mentioned cer- 
tainly came very near a demonstration by showing that starch 
iodide solutions, which have lost all color by evaporation of iodine, 
may be turned blue again by adding nitric acid, even when the 
hydriodic acid has (presumably) been removed by desiccation. 

An important factor in the decolorization of starch iodide by 
prolonged heating is doubtless to be found in the saccharification 
of the starch by the hydriodic atid formed. That this is, 
however, not an essential factor was demonstrated by heating 
starch iodide with a small quantity of calcium carbonate in a glass 
tube. The heating had to be continued 110 hours to produce com- 
plete decolorization, whereas without the carbonate, under other- 
wise identical conditions, sixty-five hours sufficed. If starch iodide 
solutions are boiled in the open air until fully colorless, the result- 
ing solution contains starch, hydriodic acid, colorless organic 
iodide, and glucose. Its color may be restored by addition of 
iodine or of iodate or of nitrous acid, etc. 

While we are conscious that the question as to whether the sub- 
stance called starch iodide is a compound or a solution of iodine in 
starch is still unsettled, we still believe that the observations re- 
corded in this paper are more reconcilable with the former view 
than with the latter. If the blue color is due to the formation of a 
mere solution of iodine in starch, it is difficult to understand why 
iodine can not color dry starch blue, but the fact is that perfectly 
dry iodine imparts to perfectly dry starch a brownish color which 
becomes blue on contact with a trace of water. The presence of 
an organic solvent does not alter this phenomenon. - 

If the blue substance formed in presence of water is a mere solu- 
tion of iodine in starch, what, we would like to ask, is the brown 
substance formed when iodine dissolves in starch in absence of 
water ? 

Potassium iodide, as is well known, in large excess imparts a 
brownish violet color to starch iodide solutions, dilution with 
water restoring the blue. As Mylius has observed, iodic acid 
changes the blue of starch iodide to brown, a fact which he uses 
to support the view that iodides must be present as an essential 


1 Bull. Soc. Chim., 28, 452 (1877). 
2 Compt. rend., §1, 1031 (1860) ; see also Chem. News, 3, 16. 
8 Bull. Soc. Chim., §, 115 (1863). 
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part of the starch-blue. On this theory the change of color is 
simply caused by the removal of all iodide by the iodic acid. We 
have, however, found that if to the brown solution so formed, 
sodium or potassium bicarbonate or other weakly alkaline sub- 
stances be added, the blue is immediately restored. This is inex- 
plicable on the theory alluded to, but is easily understood if the 
possibility of iodine acting as a base is borne in mind, a possibility 
which has of late been. shown by other authors! to be a probability. 
This involves the supposition that the iodic acid removes the 
iodine from the starch iodide in the form of iodine iodate,? and 


+ 
that when a stronger base is added, the weaker one (iodine) is 
displaced and placed at the disposition of the starch once more. 


SUM MARY. 


Clear starch solutions made at a temperature of about 150° 
take up in the cold an amount of iodine corresponding to the 
formula (C,H,,O;),.I. Starch heated with excess of iodine to 
100° for a short time takes up an amount of iodine corresponding 
to the formula, (C,H,,O;),.I,. Starch and iodine heated to 100° 
for a longer time give ultimately a colorless solution which con- 
tains most of the iodine in the form of an organic iodide, a smaller 
part of it in the form of hydriodic acid, and which also contains 
glucose but no starch. 

Solutions of starch iodide on shaking with chloroform yield, at 
first, considerable amounts of iodine to the latter but after removal 
of the first portion, give up iodine very slowly, showing no indica- 
tion of a distribution coefficient of iodine between starch and chlo- 
roform as might be expected if the iodine were merely dissolved in 
the starch. The vapor-tension of iodine in solutions of starch 
iodide was determined by a new method, and was found to be 
extremely minute after the removal ofethe first portion of the 
iodine. 

It is held that the substance known as starch iodide is to be 


1 Compare also for a similar assumption applied to chlorine, Noyes and Lyon; 
This Journal, 23, 463. 

2 The process imagined may be represented by ionic equations as follows, the symbol 
SS standing for the starch complex. : 


+ _ _-_ — 
SSI + H + 103 = SSH +I + 10, 

+= + — 
HO +I + 103= 10H + H + 10, 


— ++ — + -—- = 
SSH +10 + 2K + IO; = SSI + 2K + IO, + OH 














880 LAUNCELOT W. ANDREWS AND HENRY MAX GOETTSCH. 


looked upon as a dissociable additive compound of iodine with 
starch molecules, more or less depolymerized, according to the 
temperature employed, and subject therefore to variation in the 
ratio of starch to iodine. These views are supported by the fol- 
lowing considerations : 

1. Starch and iodine can not unite to produce the blue substance 
in the absence of water, a phenomenon frequently characteristic of 
chemical combination but not of solution in organic solvents. 

2. The temporary decolorization of the blue solution by heat 
when loss of iodine is prevented is much better explained as a 
phenomenon of dissociation than of solution. 

3. The fact that in the system, starch, water, chloroform, a rise 
of temperature has a very powerful effect in causing iodine to pass 
from the starch to the chloroform, indicates that the union of 
starch and iodine is exothermic, and agrees well with the hy- 
pothesis of a dissociable compound. 

4. The fact that the amount of iodine taken up by the starch 
under different conditions, as to the temperature to which the 
starch is subjected either before or after iodine is added is 
naturally explained by the view that the molecule undergoes 
gradual depolymerization by steps, giving rise to two, or a series, 
of starch iodides of different composition. This also explains why 
no dissociation constant can be deduced. 

5. The remarkably low vapor tensions of the iodine in these 
solutions, while quite natural if the iodine is combined, are excep- 
tional and difficult to understand on any other basis. 

The experimental part of this investigation was completed as 
here presented, two years ago, but publication was delayed by the 
temporary accidental loss of the records. 

The authorities consulted (part of them it is proper to state by 
abstracts) are given in the following list, which is as complete a 
bibliography of the literature of starch iodide as we have been able 
to compile with the library facilities available. 
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It 1s well understood by all who have closely considered the 
subject, that the so-called “heats of formation” of chemical com- 
pounds are not true physical constants, but complexes of various 
factors. ‘Take for example the “heat of formation” of hydriodic 
acid, which, according to Thomsen, has the value of —610 small 
calories, when calculated from gaseous iodine. This quantity, 
however, is only the algebraic sum of at least three quantities, one 
plus and two minus, as the following equation shows: 

H, + I, = 2HI — 610 X 2 cal. 

That is, heat is expended in decomposing the molecules of hydro- 
gen and iodine, and liberated by the subsequent union of the 
separated atoms, the sum of the three factors being negative. The 
entire series of changes is endothermic; but the final step, the 
combination of hydrogen and iodine, must be an exothermic opera- 
tion. 

In most cases, thermochemical data are even more complex than 
in this instance, for they involve factors representing changes of 
physical state. The “heat of formation” of carbon dioxide, for 
instance, implies the gasification of carbon, the dissociation of 
carbon and oxygen molecules, and the actual energy of union; it 
is, therefore, as ordinarily determined, no true measure of chemical 
force. These distinct factors are not, as yet, separately meas- 
urable; their sum is difficult to interpret; and to many 
chemists, therefore, the complexity of thermochemistry has seemed 
to be hopeless. No general conclusions of unimpeachable validity 
have been developed from thermochemical research, and so the 
entire subject has fallen somewhat into disfavor. One constant 
alone has attracted wide-spread attention—the neutralization con- 
stant of acids by bases—and this, having a value of 13,700 calories, 
represents the union of hydroxyl and hydrogen ions to form water. 
This constant has strengthened the theory of electrolytic dissocia- 
tion, and I hope now to show that it has still wider significance. 

In the fourth volume of his classical ““Thermochemische Unter- 
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suchungen,” Thomsen gives data relative to the heat of combus- 
tion of 120 organic substances. These data have peculiar value, 
for the reason that they are strictly comparable throughout. Every 
substance burned was taken in the state of gas, at constant pres- 
sure, reduced to a uniform temperature of 18°, the products of 
combustion being gaseous carbon dioxide and liquid water. Upon 
careful scrutiny the results exhibit systematicregularities of homol- 
ogous character, and this fact, which is elaborately considered by 
Thomsen, tends to establish confidence in the accuracy of his data. 
Other observers, doubtless, have done their work equally well, but 
no other body of measurements known to me is so homogeneous 
and so self-consistent as these. 

In discussing his observations, Thomsen uses the so-called 
“heat of formation” of carbon dioxide from solid, amorphous car- 
bon, and that of water with the latter reckoned as liquid. With 
these values he computes the “heat of formation” of the different 
substances studied, but always upon the supposition that the reac- 
tions start from the several elements in their normal molecular 
condition. These heats are evidently not absolute, for they involve 
the uncertain factors due to changes of physical state, and are 
therefore, as I have already shown, complexes rather than con- 
stants. Furthermore, much of Thomsen’s reasoning depends 
upon hypotheses which have been more or less questioned, so that 
although his conclusions are most interesting, they have not found 
universal acceptance. Many important and striking relations are 
shown, but their significance is not fully established. 

In one respect, Thomsen’s data are imperfectly suited to discus- 
sion. Although he starts with gas and ends partly with gas, his 
water is reckoned as liquid. For the best consideration, the 
process of combustion should deal with gases throughout, both for 
substance and for products; then only can extraneous physical 
disturbances be practically eliminated, and the chemical part of the 
phenomenon be studied with the fewest complications. Fortu- 
nately, the obvious correction can be easily applied, at least approx- 
imately, and when that is done a new order of regularities appears. 

According to Thomsen? the molecular heat of formation of 
liquid water from its elements at 18°, is 68,357 calories. For 
gaseous water the value varies with temperature, and may be 
represented at 100° by the quantity 58,069. At 18°—the standard 
1 Vol. II, pp. 52 to 56. 
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temperature of the combustion experiments—this figure reduces to 
57,934. The difference between gaseous and liquid water, then, 
is 10,423 calories, and this quantity should be subtracted 
from the heat of combustion of any organic substance as many 
times as there are molecules of water produced. Thus, for the 
heat of combustion of methane, CH,, Thomsen gives 211,930 
calories. ‘Two molecules of water are formed; we subtract, there- 
fore, twice 10,423, and the value for gaseous substances through- 
out becomes 191,084. One gram-molecule of methane burning as 
gas, and with all the products of combustion reckoned as gaseous, 
gives 191,084 calories. In this way I have adjusted Thomsen’s 
data, and in their new form they become the basis of my own 
calculations. 

With values thus reduced we can now write equations which 
shall represent in thermochemical terms the process of combustion 
of any organic substance which, upon burning, undergoes com- 
plete dissociation. Any hydrocarbon, for example, when burning 
to form carbon dioxide and water, must have its atoms completely 
torn apart before they can combine with similarly dissociated 
atoms of oxygen. Let + represent the absolute molecular heat of 
formation of CO,; y the absolute heat of formation of water; 
z the heat lost by the dissociation of the oxygen molecule; and r 
the heat lost by the decomposition of the substance burned; then, 
for CH,, the equation becomes 

4 + 2y — 22 —r = 191,084. 
This is a simple case; in other instances the equations must be 
doubled, or, in the study of organic halides and nitrogen com- 
pounds, quadrupled in order to avoid fractional molecules of 
oxygen, of nitrogen, or of the halogen element. For the sake of 
uniformity I prefer to write quadrupled equations throughout, and 
then the formula for the combustion of methane is © 
4x + 8y — 82 — 4r = 764,336. 

Unfortunately, equations of this kind are indeterminate, for every 
new formula introduces a new quantity, and so the unknowns are 
always in excess. A direct algebraic solution is therefore im- 
possible, and at first sight it would seem as though the entire 
system of equations was valueless. That this impression is incor- 
rect I shall endeavor to show. Upon careful examination the 
equations exhibit regularities which suggest hypotheses ; upon the 
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latter, trials can be based, and in that way values are discoverable 
which satisfy the equations in a fairly conclusive manner. 

By long study of this kind I have arrived at a general formula of 
curious significance, at least as regards the aliphatic hydrocarbons 
and their non-oxygenated derivatives. Let K represent the heat of 
combustion for any one of these hydrocarbons; then in the 
quadrupled formula 4K must be taken. Now let a be the number 
of molecules of CO, produced ; b the number of molecules of H,O; 
c the number of oxygen molecules dissociated ; and the number 
of atomic unions or linkings in the compound burned. Then, 
taking these data directly from the quadrupled equation, we have 
the following expression : 

4k 

12a + 66 —c— 8 
The two plus quantities in the divisor represent combinations ; the 
two minus quantities stand for decompositions; all the terms of 
the fundamental equation are thus utilized. For methane, as 
shown in the quadrupled equation, 4K = 764,336, a= 4, b= 8, 
c= 8, and n = 4, the last figure representing the four unions of 
hydrogen atoms with carbon. In ethane n = 7, in propane 10, 
etc., all linkings, whether of hydrogen with carbon, or carbon with 
carbon, being equal in value. Now (12 4) + (6X 8)— 
(8 X 1) — (8 X 4) = 56the divisor in the case of methane. 
The quotient obtained is 13,649, and this I have indicated as a 
constant. In the following table for fourteen aliphatic hydrocar- 


= a constant. 








4k. 

» Compound. Formula. H,0O as liquid. H20 as gas. Divisor. Quotient. 
Methane.......eee-s CH, 847720 764336 56 13649 
PREM ov sescccaders C,H, 1481760 1356684 98 13844 
Propane ..-....++-- C,H, 2116848 1950080 140 13929 
Trimethyl methane-. C,H) 2748760 2540300 182 13957 
Tetramethyl methane C;H,, 3388440 3138288 224 14010 
Diisopropyl -----.--- C.Ay 3996800 3704956 266 13928 
Ethylene .........-- C,H, 1333400 1250016 92 13587 
Propylene .....+---- C,H, 1970960 1845884 134 13776 
Isobutylene -...-..-- C,H, 2602480 2435712 176 13839 
Isoamylene ....-++-- C;Hio 3230520 3022060 218 13862 
Acetylene...-....+-- C,H, 1240200 1198508 86 13936 
Allylene .......--.- C,H, 1870200 1786816 128 13959 
Diallyl .....--..s+-. CyHio 3731280 3522820 254 13869 
Dipropargyl -------- CH, 3531520 3406444 242 14076 





Average, 13873 
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bons its constant character appears. All the computations rest 
upon Thomsen’s determinations, adjusted in the manner which I 
have described. In fixing the value of m, actual unions only are 
counted; double or triple carbon bonds reckon as one alone, the 
extra bonds being in abeyance, and thermally inoperative. In 
C,H, for instance, » = 3; in ethylene, n= 5; in dipropargyl 
nu=I11. n, therefore, for all chain molecules, equals the number 
of atoms in the compound minus one. 

To trimethylene, if it be regarded as a ring-compound with nine 
unions in the molecule, the formula does not apply. ‘The aromatic 
hydrocarbons also demand separate examination, and the formula 
for them must be modified by the introduction of a constant factor 
which represents the strength of the carbon ring. Since these 
special cases will be considered in my complete memoir later, their 
discussion may be omitted here. 

The organic halides, sulphides and nitrogen compounds are 
well covered by the general formula, provided that in each case 
an appropriate factor be added to the divisor to indicate the 
halogen, sulphur dioxide or nitrogen produced upon combustion. 
Thus, for complete combustion of the halides, when halogen 
molecules are formed, the modification of the formula is as fol- 
lows. Let h represent the number of chlorine molecules produced, 
h, the bromine molecules, and h, the iodine; then 








4k aur 4K ts 
12a-+ 66+ h—c—8n 12a+ 656+ 2h,—c—8n 
Chlorides. Bromides. 
4k 
12a + 66+ 4h, —c— 8n = Gee. 
Iodides. 


Thomsen gives data for twenty-two of these compounds, and 
only three of them are exceptional. Chlorobenzene, carbonyl 
chloride, and carbon tetrachloride fail to yield the usual constant, 
and their consideration is therefore deferred. The remaining 
nineteen compounds are given in the first of the following tables. 

In dealing with the organic compounds of nitrogen, the same 
fundamental formula seems to hold, only it becomes necessary to 
divide the available data into two groups in which the factor for 
nitrogen has two distinct values. In the nitriles and cyanides 
when m represents the number of molecules of nitrogen set free, 
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Compound. 


Methyl chloride ..... ° 
Ethyl chloride ....... 
Propyl chloride ...... 
Isobutyl chloride..... 
Chlorethylene........ 
Chloropropylene ...-. 
Allyl chloride........ 
Ethylene chloride.... 
Ethylidene chloride .. 
Chloracetol ......--.: 
Chloroform .......... 
Chlorethylene chloride 
Tetrachlorethylene -.. 
Methyl bromide...... 
Ethyl bromide....... 
Propyl bromide ..... ° 
Allyl bromide........ 
Methyl iodide........ 
Ethyl iodide......... 


Compound. 

Hydrocyanic acid .... 
Cyanogen......-.ee0- 
Acetonitrile.......+.. ° 
Propionitrile........-. 


Compound. 

Methylamine ........ 
Ethylamine........-. 
Propylamine.....--.- 
Isobutylamine ....... 
Amylamine.......++- 
Dimethylamine .....- 
Diethylamine.......- 
Trimethylamine ..... 
Triethylamine ....... 
Allylamine .......... 


————— 
H2O as liquid. HO as gas. 


645262 
1232210 
1823598 
2412746 
1130722 
1709250 
1714490 
1102056 
1102256 
1690444 

407274 

987382 

760280 

676302 
1263050 
1851238 
1744250 

721782 
1310690 


4k. 

Formula. 

CH,Cl 707800 
C,H;Cl 1336440 
C;H,Cl 1969520 
C,H,Cl 2600360 
C,H;Cl 1193360 
C;H;Cl 1813480 
C;H;Cl 1818720 
C.H,Cl, 1185440 
C,H,Cl, 1185640 
C;H,Cl, 1815520 
CHC, 428120 
C,H,;Cl, 1049920 
C,Cl 760280 
CH,Br 738840 
C,H;Br 1367280 
C;H,Br 1997160 
C,;H;Br 1848480 
CH,I 784320 
C,H;I 1414920 


CYANOGEN COMPOUNDS. 








4k. 

Formula. HO as liquid. H,O as gas. 
HCN 634480 613634 
CN, 1038480 1038480 
C,H,N 1248560 1186022 
C,;H,N 1885800 1781570 

AMINES. 
4k. 

Formula. H,0 as liquid. We2Oas gas. 
CH;N 1033280 929050 
C,H,N 1662680 1516758 
C,H yN 2302960 2115346 
C,H,,N 2901440 2672134 
C;H,,N 3562320 3291322 
C,H,N 1681840 1535918 
C,H,,N 2938000 2708694 
C,H,N 2330520 2142906 
C.Hi;N 4209520 3896830 
C,H,N 2125120 1979198 


Divi- 
sor. 


47 


131 
173 


125 
125 


133 
127 
53 
95 


887 


uo- 
tient. 


13729 
13845 
13921 
13947 
13617 
13674 
13716 
13776 
13778 
13840 
14044 
13907 
13576 
13802 
13880 
13919 
13734 
13619 
13797 


_——. 


Average, 13796 


Divi- 

sor. 
45 
76 
87 

129 


uo- 
tient. 


13636 
13664 
13632 
13819 





Average, 13688 


Divi- 
sor. 
69 
III 
153 
195 
237 
III 
195 
153 
279 
147 


u0- 
nt. 


13465 
13664 
13826 
13703 
13423 
13837 
13891 
14006 
13967 
13463 





Average, 13725 
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the factor is 3m. In the amines it is gm. The divisors there- 
fore become for cyanogen compounds, 12a + 6b + 3m —c—8&n, 
and for amines, 12a + 6b + gm —c— 8n, the dividend in each 
case being 4K and the quotient a constant as heretofore. Leaving 
the oxygen compounds such as nitrates, etc., temporarily out of 
account, we have data for eighteen substances. Of these, am- 
monia, aniline, pyridine and piperidine are exceptional, and must 
be reserved for future consideration; the remaining fourteen are 
regular, as shown in the last tables. 

In the combustion of organic sulphur compounds, at least in the 
cases given by Thomsen, SO, is produced, and this implies a dis- 
tinct factor to be added to the divisor of the general formula. If 
§ represents the number of molecules of SO, formed, the factor to 
be taken is gs, and the divisor becomes 12a + 6b + 9s — c — 8n. 
Some of the compounds studied were cyanogen derivatives, and 
with these the factor 3m must also be taken into account, as in the 
nitriles, etc., which have already been considered. For thiophene, 
carbon disulphide, and carbonyl sulphide exceptional conditions 
hold, and their consideration will therefore be deferred. The re- 
maining substances are as follows: 





Z ti Divi- Quo- 
Compound. Formula. H,O as liquid. H.O as gas. sor. tient. 
Hydrogen sulphide -- H,S 546840 505148 38 13293 
Methyl mercaptan---. CH,S 1195240 1111856 80 13898 
Ethyl mercaptan..... C,H,S 1822600 1697524 122 13914 
Methyl sulphide ..... C,H,S 1829400 1704324 122 13970 
Ethyl sulphide....... C,H S 3068680 2964450 206 14390 


Methyl sulphocyanide C,H,NS 1595800 1533262 TI 13813 
Methyl mustard oil... C,H,;NS 1568240 1505702 III 13565 
Allyl mustard oil..... C,H;NS 2701440 2597210 189 13742 





Average, 13823 


Two of the quotients in this group, it will be observed, are unsatis- 
factory, but as they diverge in opposite directions it is not neces- 
sary to reject them from the mean. 


We have now examined the heats of combustion of seventy of 
the compounds studied by Thomsen. Fifty-five of these give close 
approximations to a constant when tested by the formula, and 
fifteen are either exceptional or erroneous. Many of the fifteen 
are explicable, but not without more detail than would be admis- 
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sible in a preliminary notice. My final memoir will deal with 
them all. 

There still remain, unconsidered, about fifty other substances 
which contain, in addition to hydrogen and carbon, more or less 
oxygen within their molecules. They are therefore, upon burn- 
ing, incompletely dissociated, for the oxygen atoms must remain 
combined with one or another of the elements associated with it. 
Furthermore, fewer external oxygen molecules are broken up 
during the process of combustion, and therefore the factor c of 
the general formula must undergo modification. The quantity n, 
also, no longer represents absolute dissociation of the molecule 
burned, and its significance, therefore, changes. The formula, 
however, with proper modifications, still applies, and the same 
constant appears as its quotient. For present purposes one series 
of compounds, the alcohols, will serve to illustrate the principle; 
the others must wait until some future time. In this series, still 
using quadrupled formulas for the sake of uniformity, the symbol 
c of the divisor represents the external oxygen consumed ; and c, 
indicates the number of oxygen molecules contained in the alcohol. 
The formula then becomes 


4k 
12a + 66 —¢c—c¢,— 8” 





= const., 


and the results of its application are as follows: 





r = Divi- Quo- 
Compound. Formula, H2O as liquid. HO as gas. sor. tient. 
Methyl alcohol.....- CH,O 728920 645536 48 13448 
Ethyl alcohol.......- C,H,O 1362120 1237044 . 90 13745 
Propyl alcohol......- C,H,O 1994520 1827752 132 13846 
Isopropyl] alcohol .--- C;H,O0 1973280 1806512 132 13686 
Isobutyl alcohol ..... C,H,,O °2633960 2425550 174 13939 
Trimethyl carbinol... C,H,)O 2365360 2356900 174 13546 
Isoamyl alcohol.....- C;H,,0 3280280 3030128 216 14028 
Dimethylethyl carbi- 
Rint as 9.50 gees C;H,,0 3241800 2891648 216 13387 
Allyl alcohol ........ C,;H,O 1859040 1733964 126 13762 
Propargyl alcohol..-. C,H,O 1724400 1641016 120 13675 
Ethylene glycol..---- C,H,O, 1192440 1067364 82 13017 





Average, 13646 
Omitting ethylene glycol, 13706 


Taken altogether, the data so far presented summarize thus, the 
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figure given being, for each set of substances, the mean value of 
the quotient. 





Hydrocarbons, 14 compounds. -.-.+.+++++- 13873 
Halogen compounds, 19 compounds....... 13796 
Cyanides, 4 compounds ...... 2.2.0 seeees 13688 
Amines, Io compounds...-.+-sseseseeeees 13725 
Sulphur compounds, 8 compounds ........ 13823 - 
Alcohols, 11 compounds..--++++++e+eeeees 13646 
Average, 66 compounds ..........-- 13773 


What now, is the meaning of the formula used, and of the con- 
stant which is derived from it? 

Before attempting to answer this question I may properly point 
out that the formula itself can be condensed and simplified. Taking 
the hydrocarbons, as the least complex of the series studied, 
the formula may be given in three forms, as follows: 


4k at 4k ns ee 

12a-+ 6b6—c— 8 11(a+4)—8 11¢— 8x 

The difference between these expressions arises from the fact 
that the oxygen used is always proportional to the carbon and 
hydrogen burned, but all three give the same quotient. The first 
and most elaborate form, however, is the one to be preferred, for 
the reason that it gives in detail all the factors of the original 
equations. In it the constant appears as a function of all the 
changes which have taken place, the substances produced being 
indicated with the plus sign, while the substances destroyed are 
represented by minus quantities. The other formulas may be 
easier to apply, but they are much less simple to interpret. 

Looking now to the constant itself, 13,773, we see that it is 
sensibly identical in value, within the limits of experimental uncer- 
tainty, with the neutralization constant of 13,700 calories. The 
latter is purely chemical in its character, uncomplicated by ex- 
traneous physical considerations, and it represents a union of the 
simplest kind, one bond joining two ions. In short, it seems to be 
a definite unit of thermochemical change, of which the quantities 
discussed in this paper are multiples, and by whose aid the original 
equations, hitherto indeterminate, may be satisfied. Let us ex- 
amine the general formula in more detail. 

If we take the constant 13,773 calories as our unit, the funda- 
mental formula may be written 


= const. 




















THERMOCHEMICAL CONSTANT. 


4k 

12a + 66 —c— 8 
and hence, 12a -+ 6b —c— 8n= 4K;; that is, each molecule of a 
or CO, produced by the combustion has a value of 12 units, each 
molecule of water is represented by 6 units, each molecule of 
oxygen by 1, and each atomic linking in one molecule of the sub- 
stance under investigation by 8/4, or 2. These quantities repre- 
sent the actual heat of formation of the several molecules from 
gaseous, dissociated atoms, and when they are introduced into the 
original equations the latter are satisfied. 

Let us recur to the equation for methane: 





= I, or one unit, 


a+ 2y — 22 — r = 191,084. 


ey 4 13773 = 165276 
ay=12X 13773 = 165276 
—2z = 2X (— 13773) = — 27566 
—r= 8X (— 13773) = — 110184 





Sum = 192822 


a quantity which exceeds Thomsen’s mean value by 0.91 per cent. 
As Thomsen’s separate determinations vary among themselves by 
0.99 per cent., the agreement is satisfactory. The calculated value 
is about 0.2 per cent. higher than his highest. 

This one example is enough to show, for present purposes, the 
method of computation, but to illustrate its effectiveness a few 
tore instances may be given in condensed form. Each equation 
represents the combustion of four molecules of the substance 
named, the water produced being reckoned as gaseous. 


Varia- 

tion. 

Per 

‘Compound. Equation Calculated. cent. 
Bthanes <iss565< 8a + 12y — 142 — 4r = 1356684 1349754 0.51 
Propylene..... 12a + 12y — 182 — 4r = 1845884 1845582 0.04 


Methylchloride qa+ 6y+ 2k — 72—4r= 645262 647331 0.32 
Allyl bromide... 12% + 10y-+ 2h, — 172 — 47 = 1744250 1749171 0.28 
Ethyl iodide... 8% + 10y+ 2h, —132 —4r = 1310690 1308435 0.17 
Propionitrile .. 124 + 14y-+ 2m— 192 — 4r = 1781570 1776717 0.28 
Ethylamine ... 8% + 14y-+ 2m— 152 — 4r = 1516758 1528803 0.79 

The agreements, as shown in the percentage column, are reason- 
ably close; the absolute variations, to be compared with Thomsen’s 
data, should be divided by four. It must be remembered that 
Thomsen’s determinations vary among themselves; that they 
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represent measurements at constant pressure and not at constant: 
volume; that there is a small uncertainty in the adjustment from 
liquid to gaseous water ; and that other unnoted corrections should 
possibly be applied. Take it for all in all, the validity of the con- 
stant may be looked upon as established, and a fair estimate of 
absolute thermochemical values has been attained. The neutrali- 
zation constant, as determined with different acids and bases, 
shows fully as great variations, and yet there can be little doubt as 
to its authenticity and meaning. 

It would be most unwise to assume, from the evidence here 
presented, that the constant under discussion governs all chemical 
combinations. It applies to the classes of compounds considered 
in this paper, but there are others to which, in all reasonable prob- 
ability, it does not apply. Its significance, however, is very great, 
and it suggests a general law. Jn any class of compounds, the 
heat of formation is proportional to the number of atomic linkings 
within the molecule, and seems to bear no relation to the masses of 
the atoms which are combined. Among organic substances, this 
relation is very clear, and is implied in the factor 82 which occurs 
in all forms of the general formula. For these compounds the 
fundamental unit appears to be double the constant, or 27,600 in 
round numbers. Multiply this by four, the number of unions in 
the molecule, and we have the absolute heats of formation, from 
gaseous, dissociated atoms, of methane, of methyl chloride, bro- 
mide, or iodide, and of chloroform, all these quantities being 
equal. Multiply by seven, and the value for ethane is obtained, 
and so on throughout the aliphatic hydrocarbons and their im- 
mediate derivatives. For other compounds, as in the aromatic 
group, the coefficent of n seems to be other than 8, but here the 
actual number of atomic unions is uncertain. For inorganic sub- 
stances, considered in the gaseous state, the data are too few, and 
constants of different magnitude may control their formation. On 
this subject, speculation would be premature, and I must reserve 
my conclusions regarding it until later. Probably, however, the 
general principle will hold, and the absolute heat of formation of 
any substance will prove to be a function of the number of atomic 
unions within the molecule ; that is, of the number of chemical acts 
involved in its production. 














A NEW GLASS OF LOW SOLUBILITY.’ 


By G. E. BARTON 
Received June 7, 1902. 


THE statement in a recent number of Science? to the effect that 
American glass is inferior to that made in Germany is without 
doubt true if for “Germany” we read “Jena”. The grounds for 
the claim that at least one glass made in this country heretofore 
has been equal to anything made on the continent except Jena 
glass, I submit herewith. I have here, also, samples of a glass of 
my own devising which I believe is the equal of the Jena glass as 
regards its resistance to water, acids and carbonates, and superior 
in its resistance to caustic alkali solutions. Before presenting the 
figures, however, a brief résumé of the method by which they were 
obtained and the reason for its choice in preference to others is 
submitted. 

In deciding upon this method for testing the comparative solu- 
bility of different glasses, I have passed over the beautiful work of 
Pfeiffer, Kohlrausch, Mylius and Foerster, all of whom have com- 
pared different glasses by determining the amount of bases which 
go into solution upon treating them with water, either by conduc- 
tivity or purely chemical methods, for a method which is not 
particularly novel, but gives results in the ordinary units of the 
chemist. 

The method employed was as follows: pint, globe, flat-bottomed 
flasks were rinsed in chemically pure ammonium hydroxide, then 
in water, then in chemically pure hydrochloric acid, then in water, 
and finally with alcohol and ether, after which they were dried at 
the temperature of the room by a current of dry air, carefully 
wiped with a towel, and allowed to stand exactly one-half hour be- 
fore weighing. The weighing was carried to 0.1 mg. with the 
ordinary precautions of analytical chemistry. I am aware that 
the glass could not have been free from water at the time of © 
weighing, but every effort was made to insure as uniform a state 
as regards moisture as possible. 

The flasks after weighing were partially filled with exactly 300 


1 Read at the Pittsburg meeting of the American Chemical Society, July 2, 1902. 

2 “It is claimed that American glass is inferior to German in quality and power of re- 
sistance to chemicals.’”? Excerpts from the Report of the Census Committee of the Amer- 
ican Chemical Society, Science, 15, 813. 
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cc. of a I per cent. solution of sodium carbonate, attached to an in- 
verted condenser by a rubber stopper, and boiled for exactly three 
hours over an asbestos plate one-sixteenth inch thick heated by a 
Bunsen burner, the latter being so regulated as to produce as slow 
but constant an ebullition as possible. The level of the liquid was 
not appreciably lowered in the three hours. At the end of this 
time the flasks were disconnected, emptied, rinsed with water three 
times, then treated precisely as before the boiling, and weighed. 
300 cc. of water were next used, then 300 cc. of a solution contain- 
ing 0.4 per cent. of hydrochloric acid, and finally the same quantity 
of a I per cent. solution of sodium hydroxide, the weighing, rins- 
ing and drying always being carried out as above described. 

That this method gives results sufficiently accurate for factory 
control I have proved repeatedly. It has the great advantage that 
it can be applied by any one in almost any laboratory, as it only 
requires the ordinary forms of apparatus and reagents, and if 
used for comparing two samples of glass, no particular care as to 
the exact strength of the solutions used is necessary, provided only 
both are treated alike. The greatest cause of variation in testing 
the ordinary quality of chemical ware is that the surface layer of 
the glass, after partial extraction with the solvent, is more or less 
completely removed by the mechanical action of the escaping 
steam. This cause of variation becomes almost nothing, how- 
ever, in testing glasses like the Jena normal glass and the new 
glass. 

Mylius and Foerster? found that the ratio of the bases to silicic 
acid in the aqueous solution obtained by boiling water five hours in 
flasks, varied from 1:0.21 to 1:1.6, the figures being for a poor 
glass from Thuringia and Kavalier’s glass respectively.. From 
this it is plain that no conclusions as to the total amounts going 
into solution can be drawn with safety from the results of any 
method which only gives the amount of bases taken up. It is also 
clear that such a method cannot be used for comparing glasses so 
totally different in composition as those made by Schott at Jena 
and by Kavalier in Bohemia. While the unavoidable variations 
(when testing by the method I used) between different results 
with the same glass are sometimes rather large, it is also certain 
that they are equally great in using the ware, so that an average of 

1 Zischr. anal. Chem., 31, 245. 
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a sufficient number of results comes nearer representing actual 
practice than anything else that has been proposed. 

Each of the following figures is an average of three results and 
represents the loss in milligrams sustained by flasks when tested 
as described : 


Loss PER FLASK EXPRESSED IN MILLIGRAMS. 


Whitall- Kava- New 

Tatum Co. lier. Jena. glass. 

One per cent. sodium carbonate solution. 134.4 126.6 30.6 32.3 

Water oe cccrisvcccescccccscsecccccecs ene 8.4 20.6 £3 0.7 
Two-fifths per cent. hydrochloric acid so- 

lution ..-cscccccceccccccccccccces 4.7 16,2 1.3 1.5 

One per cent. sodium hydroxide solution 100.1 78.4 97.1 89.0 

Total longs tie eews edt etes 247.6 241.8 130.1 123.5 


The variations between the new glass and the Jena glass are, 
with the exception of the solubility in 1 per cent. sodiumhydroxide 
solution, within the limits of factory practice. In resisting caustic 
soda solution, however, the new glass is undoubtedly superior to 
the Jena glass. 

It may not be out of place at this time to call attention to the fact 
that beakers made of either the new glass or Jena glass can be 
used for evaporations on the water-bath without danger of crack- 
ing. A few tests of beakers made from other kinds of glass will 
convince one that very few pieces will stand exposure to steam for 
more than fifty hours. I have exposed beakers of both the new and 
Jena glass to the action of steam for over 200 hours continuously, 
without any sign of fracture appearing. - 


CHEMICAL LABORATORY OF WHITALL TATUM COMPANY, 
June 4, 1902. 


NOTES. 

Rapid Volumetric Method for Determining Phosphoric Acid in 
Fertilizers——In describing the following volumetric method for 
the determination of phosphoric acid in fertilizers and fertilizing 
materials very little that is strictly original is claimed. The 
method is a modification of the volumetric method as published by 
the Association of Official Agricultural Chemists. The most im- 
portant change consists in shaking the solution after adding the 
ammonium molybdate. 
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Under ordinary conditions the method can be completed in 
about thirty minutes from the time the sample is received at the 
laboratory. A great many determinations have been made in 
twenty minutes which agreed in duplicate to the second decimal 
place and which did not vary over 0.1 per cent. from a careful 
gravimetric determination. Over 3000 determinations have been 
made by the method during the regular work of the laboratory on 
samples ranging from I per cent. up to 47 per cent. phosphoric 
acid. Between these very wide limits it seems to be all that could 
be desired both for rapidity and accuracy. 

The following table will illustrate the very close agreement of 
duplicate determinations with each other and with the gravimetric 
method of the Official Agricultural Chemists. 

Two grams of the sample were digested and made up to 250 cc. 


Time taken Aliquot Per cent. of phosphorus pentoxide 
in makin part in by volumetric by gravimetric 
determination. grams. method. method. 

I. Io cc, used 20 minutes 0.08 15.05 

2. 15 cc. used 30 minutes 0.12 15.00 eens 

3. 20cc.used =e eee . 0.16 eeu 15.04 

4. 25 cc. used 1 hour 0.20 15.00 Sera 

5. 30 cc. used Yellow precipitate 0.24 14.94 


stood over night 


Method: Weigh 2 grams of the prepared sample into a 200 cc. 
beaker, add about 10 cc. strong hydrochloric acid, mix by shaking, 
wash down the sides of the beaker with about 10 cc. of water, 
cover the beaker with a watch-glass, and boil briskly. With the 
watch-glass slightly raised, add slowly from 1 to 2 grams of so- 
dium chlorate or enough to decompose the organic matter except- 
ing fat. Boil off the excess of free chlorine. Dilute with water and 
transfer the contents of the beaker to a 250 cc. measuririg flask. 
Cool and make up to the mark. In case no fat is present, filtration 
is usually unnecessary as a small amount of insoluble residue will 
not influence the titration. Transfer an aliquot part of 25 cc., 
representing 0.2 gram of the original sample, to a 200 cc. Erlen- 
meyer flask, add 15 cc. ammonia (sp. gr. 0.90) and a small piece 
of litmus paper. Neutralize the ammonia with strong nitric acid, 
using a slight excess only. The temperature of the solution is 
now about 65° C. If more than 2° or 3° above this temperature 
add cold water to bring it down to 65°C. Now add from 25 cc. 
to 75 cc. ammonium molybdate solution, depending on the amount 
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of phosphorus pentoxide in the sample, and shake vigorously by 
hand. Mechanical shaking is of but slight advantage. ‘The pre- 
cipitate will settle out clear very quickly. Filter with suction 
through a 9 cm. filter-paper. Wash the precipitate free from acid 
with water, making no effort to remove the precipitate from the 
flask. The washing will take about two minutes. Test the 
filtrate by adding more ammonium molybdate solution and heating 
to 65°C. Transfer the precipitate and filter-paper to the Erlen- 
meyer flask, and run in standard alkali until the yellow precipitate 
is nearly dissolved. Shake to disintegrate the filter-paper. Now 
add 1 ce. phenolphthalein solution as indicator and continue add- 
ing the alkali cautiously until the pink color remains permanent 
for about a minute. The end-reaction is very sharp. In case an 
excess of alkali is added it can be titrated back with standard acid. 
Divide the burette reading by two and the result will be the per 
cent. of P,O, in the sample. 


Preparation of Reagents. 


(a) Molybdic Solution: This solution is made as directed in 
Bulletin No. 46, Revised Edition, U. S. Department of Agricul- 
ture, Division of Chemistry, except that the solution is heated for 
five hours in a bath of water at a temperature of 65° to 67° C. 

(b) Standard Potassium Hydroxide Solution: This is prepared 
by diluting 323.81 cc. of normal potassium hydroxide, free from 
carbonates, to 1 liter. One cc. is equal to 1 mg. phosphorus 
pentoxide. 

(c) Standard Sulphuric Acid Solution: The strength of this 
solution is the same as that of the standard alkali. 

(d) Phenolphthalein Solution: One gram of phenolphthalein 
is dissolved in 100 cc. of 50 per cent. alcohol. A. L. EMERY. 


New Apparatus in Water A nalysis.—In the June number of this 
Journal (p. 537) Messrs. Thomas and Hall describe under the 
above heading an apparatus for collecting samples of water for 
the determination of dissolved oxygen or carbon dioxide. While 
the apparatus may be a convenient one for this purpose, it seems a 
just criticism to point out that samples collected in this way will 
not represent the exact character of the water being tested and 
that, too, where results of the greatest accuracy possible are re- 
quired. Suppose the sample is to be collected from the bottom of 
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a deep pond where the oxygen at most amounts to only a few 
tenths per cent. of saturation. The entering water will come in 
contact with the air in the bottle and will undoubtedly absorb 
some oxygen. It has been found in our work that when the dis- 
solved oxygen content of the water is very low it is always neces- 
sary to aspirate through the calibrated bottle at least several times 
its volume of the water in order to be sure that the first portions 
entering the bottle shall be completely displaced. In the apparatus 
described no provision is made for this and it will be evident that 
in such cases the results will not be accurate. The same criticism 
will apply, though perhaps not with the same force, to determina- 
tions of carbon dioxide made on samples collected in this way. 
A. G. WoopMaN. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
BOSTON, MASss, June Io, 1902; 


NEW BOOKS. 
GRUNDRISS DER QUALITATIVEN ANALYSE VOM STANDPUNKTE DER LEHRE 
VON DEN IONEN. By DR. WILE. BOTTGER. Leipsic. 1902. 250 pp. 

+ 15 pp. of tables. 

This book may be briefly characterized as an interpretation in 
detail of the usual scheme of qualitative analysis with the help of 
the Laws of Chemical Equilibrium and the Ionic Theory. It dif- 
fers from Ostwald’s “Scientific Foundations of Analytical Chem- 
istry” in the respect that the theoretical principles involved are 
gradually introduced in connection with the analytical procedure, 
instead of as an introduction to it; and in the respect that it is 
intended to serve as a working manual for a course of qualitative 
analysis, rather than as an accompaniment to such a course. It 
differs from the recent treatise of Treadwell on the same subject 
in that it is far less extensive and complete on the experimental 
side, and in that the theoretical interpretation of the reactions is 
given greater prominence. In fact, the point of view from which 
the book is written would seem to make it fitted to teach laws and 
theoretical principles with the help, of qualitative analysis, rather 
than qualitative analysis with the help of the principles. And, 
correspondingly, for the training of exact analysts, the book can 
not be said to be fully satisfactory ; for the conditions for securing 
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certainty and delicacy in the tests are often not sufficiently indi- 
cated. Moreover, the directions for laboratory experiments are 
either so incomplete or so interwoven with descriptions and theo- 
retical explanations, that some difficulty would be met with in the 
use of the book as a laboratory manual. In spite, however, of 
these and other defects in the manner of presentation, the book is 
a very valuable contribution to the science, and well deserves the 
attention of students, and especially of teachers, of the subject; for 
it represents the first systematic attempt at a detailed interpretation 
of the reactions of qualitative analysis from the standpoint of 
modern theoretical chemistry, carried out by an author who shows 
himself to be thoroughly familiar with the principles involved. 

To illustrate more fully the character of the book, the following 
summarized statement of its contents may be presented. After a 
very brief introduction, the author describes the precipitation and 
separation of lead, silver, and mercurous mercury ; discusses inci- 
dentally filtration, washing, the significance of solubility and 
equilibrium in general ; and presents the fundamental hypothesis of 
the Ionic Theory,—unfortunately in a somewhat intangible form, 
since, following the practice of Ostwald, the author avoids using 
the concepts of the Atomic Theory. He then describes and inter- 
prets the important additional reactions of these metals, introdu- 
cing the subject of complex ions and their effects in increasing 
solubility in-connection with the silver-ammonia and silver- 
cyanogen compounds. The precipitation and separation of the 
metals of the hydrogen sulphide group are next described, theoreti- 
cal explanations being interwoven with the procedure at each step. 
Incidentally, the Mass-Action Law in its general form is brought 
in, and is applied to the hydrogen sulphide precipitation. Ad- 
ditional reactions of the metals of the group are then discussed, 
and the varying degree of dissociation of different substances is 
referred to. 

In connecton with the succeeding groups of metals 
a similar plan is followed. The principles relating to oxidation 
and reduction, to the precipitation by ammonia of alkaline-earth 
phosphates, to hydrolysis, and to colloids, are treated under the 
aluminum and iron groups. Unfortunately, the solubility-product 
principle and the equilibrium-equation for dissolved electrolytes 
are not taken up till the calcium group is reached. By reason of 
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this fact the explanations of many points in the scheme of 
analysis for metals are so incomplete that much of the gain which 
should result from the application of the Ionic Theory is not 
realized. 

The second part of the book is devoted to the detection and 
reactions of the acid radicals or anions. This part, consisting of 
sixty pages, is unusually thorough and complete. The dis- 
sociation-relations of the various acids, the subjects of catalysis 
and of fractional. solution and crystallization, the principle of 
valence, and other theoretical considerations are introduced. 

The third part of the book treats at length of the preliminary 
examination in the dry way, and of the methods of preparation of 
solutions for analysis. A number of special procedures 
adapted to the different insoluble substances are described. 

A fourth part consisting of thirty-three pages, is devoted to the 
reactions of the rarer metals,—a subject too often neglected. 

A set of tables, in the form of a separate pamphlet, summarizing 
the whole procedure, and intended for laboratory use, accompanies 
the book. 


An English translation is in preparation, which will make this 
valuable work available for the use of elementary students. 
ArtHur A. Noyes. 











